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Dagens hälso- och sjukvårdssystem står inför stora u m ningar. Dessa inkluderar ett ökat behov 
av sjukvård från en åldrande och växande befolkning, variationer i vårdkvalitet mellan olika 
vårdgivare, överdriven eller onödig användning av sjukvård samt ökade sjukvårdskostnader. 
Det är därför viktigt att åstadkomma förbättringar inom vården och se till att de begränsade 
resurserna som finns tillgängliga används på bästa möjliga sätt. 
För att stödja organisationer och vårdgivare i deras förbättringsarbete kommer benchmarking, 
det vill säga systematiska jämförelser, väl till anvä dning. Benchmarking är en process där 
verksamheter utvärderas i förhållande till varandra med avseende på olika resultatmått och ger 
insikt i bästa praxis. På så sätt kan verksamheterna identifiera eventuella förbättringsområden. 
I ett annat avseende är benchmarking också användbart för tt utvärdera effekterna av hälso- 
och sjukvårdsreformer. 
Syftet med den här avhandlingen var att visa hur benchmarking tillsammans med ”big data” 
från patient- och befolkningsregister kan tillämpas för att mäta resultat utifrån olika perspektiv 
och nivåer inom hälso- och sjukvården. Bland annat ges inblick i hur benchmarking kan 
användas för att identifiera och analysera variationer i resultat inom ortopedisk vård. Här 
jämförs dels vårdtid och dödlighet för patienter med höftfrakturer mellan och inom sju 
europeiska länder, dels produktivitetsutvecklingen för höftprotesoperationer hos 
ortopedavdelningar inom Sverige. I båda jämförelserna påvisas betydande variationer i vården, 
vilket indikerar att det finns utrymme för förbättringar och att beslutsfattare bör ta lärdom av 
bästa praxis.  
Vidare ges insyn i hur benchmarking kan användas i syfte att utvärdera sjukvårdsreformer. Här 
studeras en uppmärksammad vårdvalsreform för höftprotesoperationer där konkurrens och 
ekonomiska incitament introducerades i Region Stockh lm. Resultaten tyder på att reformen 
har medfört en kvalitetsförbättring vad gäller komplikationer efter operation. Däremot 
minskade inte vårdtiden i samband med operation i samma takt som tidigare och 
patientrapporterade kvalitetsmått lämnades oförändrade. Dessa resultat bidrar till den allmänna 
kunskapen om effekterna av konkurrens och ekonomiska incitament och kan användas för att 
informera framtida beslutsfattande. 
Framtida perspektiv bör fokusera på hur informationen som erhålls med hjälp av benchmarking 
kan och bör användas i praktiken för att förändra organisationers och vårdgivares beteenden i 











Background: Today’s healthcare systems face challenges involving rising need and demand 
for healthcare as well as concerns about cost containment, misuse of medical services and 
unwarranted variations in medical practices. Given the stretched budgets for healthcare, there 
is a need to improve healthcare performance and to make competent use of limited resources.  
To support organisations in improving performance, b nchmarking is a valuable tool for 
several reasons. First, it is an effective substitute for competition in the public sector. Second, 
through benchmarking, performance differences between organisations in various measures 
are revealed, and for those performing less optimally, possible improvement areas may be 
discovered. Third, benchmarking is useful for evaluating the impact of healthcare reforms on 
performance. Coupled with big data from patient regist rs and other administrative registers, 
benchmarking thus can offer opportunities for finding ideal structures in the provision and 
financing of healthcare. 
Aim:  The overall aim of this thesis was to show how benchmarking can be applied to assess 
healthcare performance with the use of register data.  
Methods: The four studies included in the thesis were based on two comprehensive patient-
level datasets, with data obtained from multiple regist rs. Study I applied international 
benchmarking, with the performance for the surgical treatment of hip fractures being assessed 
between and within seven European countries. Regression analyses were used to explore 
associations between age- and sex-adjusted mortality r tes and length of stay (LOS) and 
selected country- and region-level variables.  
In Studies II–IV, a national perspective was considere  in the assessment of the performance 
of elective hip replacement surgery in Sweden. In Study II, the orthopaedic departments’ 
productivity development between 2005 and 2012 was measured by the Malmquist 
Productivity Indices. The indices were further decomp sed into changes in efficiency and 
technology. In Studies III and IV, a quasi-experimental research design was applied to assess 
the effects of a healthcare reform involving competition and financial incentives introduced in 
the capital region in 2009. In both studies, difference-in-difference analysis was used to 
estimate the causal effects on LOS and various measur s of subjective and objective quality. 
In Study III, the difference-in-difference analyses were also stratified by hospital type to 
examine whether the reform had heterogenous effects across hospital types. In Study IV, an 
entropy balancing algorithm was further applied to make the intervention and control groups 
comparable.  
Findings: Study I revealed marked differences in age- and sex-adjusted LOS and mortality 
rates for hip fracture patients, across and within included countries. Variations were found to 
be associated with the availability of national clini al guidelines, the share of males in the 
region and country-specific effects.  
In Study II, differences in the development of productivity, efficiency and technology in the 
provision of hip replacement surgery across and within he orthopaedic departments were 
revealed. The overall results indicated a slight positive productivity development over the study 
period, which was primarily due to catch-up effects (improvements in efficiency), rather than 
changes in technology.  
The findings from Study III indicated that the reform led to the LOS of the surgical admission 
not decreasing at the same rate as before, and to re uction of the adverse event rate within 90 
days following surgery. These effects were driven mainly by university and central hospitals. 
Furthermore, the reform brought no changes in patient satisfaction with the outcome of the 
surgery (Study III and Study IV) or gains in various patient-reported outcome measures at one- 
and six-year follow-ups (Study IV). 
Conclusions: The thesis has demonstrated how benchmarking can be applied to assess 
healthcare performance with the use of register data, with the four studies contributing with 
various perspectives and measurements at different levels of healthcare systems. First, the 
thesis has exemplified how performance measurement can be applied to identify and analyse 
performance gaps. Considerable variations in the performance of orthopaedic care between and 
within units of analysis were revealed at the departmental and international levels. This implies 
that there is room for improvement and that stakeholders should learn from best practices.  
Second, the thesis has demonstrated how benchmarking can be useful in the assessment of 
healthcare reforms. The findings indicated that the studied reform reduced the adverse event 
rate, led to LOS not decreasing at the same rate as b fore and had no effect on patient-reported 
outcome measures. These findings contribute to the gen ral knowledge about the effects of 
market elements and financial incentives and can be used to inform decisionmaking.  
Future perspectives should focus on how this information can and should be used in practice 
to change organisations’ behaviour and to improve healt care performance. 
Key words: performance, benchmarking, register data, quality, length of stay, mortality, 
patient-reported outcome measure, productivity development, hip fracture, total hip 
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I thought I would take the opportunity to briefly describe my academic background to give the 
reader a hint as to what perspective I have had in the pursuit of completing this PhD project. 
As a great fan of numbers, I started with mathematics, statistics and computer science which 
eventually led to a master’s in economics. After that, I became a research assistant in the Health 
Economics and Policy research group at Karolinska Institutet and was immediately thrown into 
the EuroHOPE project (which the reader will learn more about later). Little did I know that this 
was the start of my research career. To complement y background in economics, I also took 
the opportunity to pursue a master’s of medical science in health economics, policy and 
management at Karolinska Institutet. A while later, I took what felt like the natural step – and 
there I was, a PhD candidate.   
If I benchmark my research performance today against what it was when I first started as a 
research assistant, I see how it has improved and what my achievements are. I have been guided 
by previous research and best practice, and learned about strengths and weaknesses, both my 
own and those of research. Looking back, I see that in a way, one could say that benchmarking 
has allowed me to adapt, grow and thrive through change in my research learning process. Of 
course, I have no register data to back me up, so you just have to take my word for it. 













































‘By the adoption of the register, physicians and surgeons would obtain clearer insight 
into the comparative success of their hospital and private practice; and would be incited 
to a diligent investigation of the causes of such difference.’ – Sir Thomas Percival, 1803 
The improvements in health within the past century has been nothing short of remarkable. The 
incidence of illness and death has decreased significa tly, in part because of medical 
advancements towards more efficient treatment and cre. Populations are thus growing and 
getting older, which in turn results in increased ned and demand for healthcare. The downside 
of this fundamentally positive development is increas d healthcare costs (1-4).  
Moreover, in addition to concerns about cost containment, there are indications of over- and 
undertreatment, as well as unwarranted variations in medical practices, suggesting that there is 
room for improvements (4). Given the stretched budgets for healthcare, there is thus an intense 
pressure on health systems to improve healthcare performance and to make competent use of 
limited resources (2, 3). 
To support health systems in improving performance, b nchmarking, i.e., systematic 
comparisons, is a valuable tool for several reasons. Fir t, benchmarking is an effective 
substitute for competition in the public sector, which is a particularly attractive feature in 
healthcare markets, where market forces are largely absent due to uncertainty and information 
asymmetry (5). Second, through benchmarking, performance differences between healthcare 
organisations in various measures (e.g., quality and cost containment) are revealed, and for 
those performing less optimally, possible improvement areas may be discovered (6). Third, 
healthcare reforms are continuously being implemented, with the ultimate purpose of 
improving performance. Here, too, benchmarking can be useful to evaluate their effects on 
performance (7). In many ways, benchmarking thus offers opportunities to find ideal structures 
in the provision and financing of healthcare. 
 
1.1 RATIONALE FOR THE THESIS 
Performance benchmarking in healthcare has been applied since the 17th century; thus, this 
thesis is not the beginning. It is not an era of something new, of something unseen. However, 
given the challenges that health systems face today – increasing costs, misuse of medical 
services and wide variations in performance – the ne d for performance measurement and 
transparency is perhaps greater than ever.  
Benchmarking is a continuous process, constantly in search of areas that can be improved. 
When combined with big data from patient registers and other administrative registers, it 
provides information and knowledge that can lead to scientific findings and sustained 
healthcare improvements.  
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This thesis has made use of such ‘real world evidence’ and gives insights into how 
benchmarking can be applied within various contexts. Fir t, it provides comparisons at three 
levels: between countries, between regions and between departments. Second, it demonstrates 
how performance measurement can be applied to both identify and analyse performance gaps, 
as well as to evaluate healthcare reforms. Underlying all of these efforts was the goal to inform 
decisionmaking on the part of various stakeholders (e.g., clinicians, managers and 
governments), to ultimately achieve improved healthc re performance. 
 
1.2 SETTING THE SCENE  
The studies in this thesis assessed healthcare performance in two settings (illustrated in Figure 
1), with different aspects and applications of performance benchmarking being demonstrated. 
In both settings, a disease-based approach was adopted in the field of orthopaedic care. While 
the first setting, Setting 1, focused on hip fractures, which are a major cause of morbidity and 
mortality and are associated with high healthcare costs worldwide, the second setting, Setting 
2, focused on elective hip replacement surgery due to osteoarthritis, another common condition. 
Both conditions have been subject to policy interventions aiming to improve healthcare 
performance, such as fast-track for hip fractures and patient choice for elective hip replacement 
surgery in Sweden. Given this, and the increasing incidence of hip fractures and elective hip 


















Setting 1, represented in Study I, contributed with insights into international benchmarking, 
where the performance for the surgical treatment of hip fractures was assessed between and 
within seven European countries. The selection of relevant performance indicators was based 
mainly on data availability across participating countries. The empirical data for this setting 
was provided by the project entitled European Health Care Outcomes, Performance and 
Efficiency (EuroHOPE), which was funded by the European Union’s Seventh Framework 
Programme.  
In Setting 2 (represented in Studies II–IV), the performance of elective hip replacement surgery 
in Sweden was considered. Thus, a national perspective was applied. In Study II, the units of 
comparison were orthopaedic departments, whereas in Study III and Study IV, the 
measurement focus was shifted to the regions, to evaluate the effects of a healthcare reform 
implemented in the capital region. In this setting, rich empirical data were provided by the 
Swedish Hip Arthroplasty Register (SHAR) and other administrative registers, which enabled 
a multidimensional assessment of performance.  
 
1.3 DEFINITIONS OF CENTRAL CONCEPTS 
A number of concepts are central to this thesis; their definitions and meanings are elucidated 
below. 
Benchmarking 
The concept of benchmarking has been defined by several authors and organisation , with a 
common theme of identifying and implementing best practices. Basically, benchmarking is a 
process where the performance of various organisations is compared and differences are 
revealed, with the intention of enabling organisations to improve their own performance on the 
market (6). Throughout the thesis, benchmarking is used synonymously with the terms 
performance measurement and (systematic) comparisons. 
Performance 
The concept of healthcare performance is complex and multidimensional, and incorporates 
cornerstones such as equity, efficiency and several dimensions of quality of care (8). 
‘Performance’ is the degree to which health systems or organisations are fulfilling these 
dimensions (3).  
In this thesis, performance has been assessed through various measures of quality (Studies I, 
III and IV), resource use (Studies I and III) and productivity (Study II), the definitions of which 
follow below.  
Quality 
Quality is also a complex concept with multiple dimensions. A broadly used definition of 
quality in healthcare is that from the Institute of Medicine committee: ‘quality of care is the 
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degree to which health services for individuals and populations increase the likelihood of 
desired health outcomes and are consistent with current professional knowledge’ (9). Although 
outcome measures are highlighted in the definition, it also considers the connection between 
processes of healthcare and outcomes (9). 
Health outcomes refer to changes in a patient’s health condition as a result of received 
healthcare. However, due to difficulties in measuring such changes, proxy indicators are often 
used instead. These include measures of health status (e.g., indicators on avoidable 
hospitalisations and mortality) and process of caremeasures (for example, indicators reflecting 
utilisation, which are assumed to be related to outcomes, such as screening rates) (3). 
In the thesis, a number of indicators were measured to capture various aspects of both 
subjective and objective quality, including measure directly capturing outcomes (patient-
reported outcome measures (PROMs) of gains in health st us and pain level in Study IV) and 
proxies of outcomes (mortality in Study I, adverse ev nts in Study III and patient satisfaction 
in Study III and Study IV).  
Resource use 
A frequently used indicator of resource use is length of stay (LOS), which may be viewed as 
an indicator of efficiency and a surrogate measure fo  costs. In that regard, providers with 
shorter LOS are considered to be efficient in resource se, while providers with longer LOS 
are inefficient (10). 
In both Study I and Study III, resource use was analysed in terms of LOS. 
Productivity 
Although the terms productivity and efficiency – both widely used concepts in economics – are 
closely related, they do differ. They are sometimes used interchangeably, but in this thesis, they 
are differentiated when necessary. While productivity s a ratio that can be written in real units, 
such as patients per nurse, efficiency is always defined relative to the best possible, e.g., as 
95% or 100% efficient. 
In Study II, performance was evaluated in terms of pr ductivity change, which was further 
decomposed into changes in efficiency and changes in technology (these concepts are defined 
in the study). 
Register data 
Register data refer to routinely collected information on patiens or population groups, that is 
stored and administered in a register format (11). For example, there are patient registers which 
contain data on patients and their healthcare events, a d population registers which include 
detailed information on, e.g., demographics. In Sweden, there are also several national quality 
registers which contain data on medical interventions and outcomes following treatment for 
specific patient groups (12). Furthermore, in Sweden (and many other countries), individuals 
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are identifiable in the registers, which makes it possible to track them at the individual level 
through many different data sources. 
We find many names for the things we love; hence, I have used many different terms for 
























































2 AIM  
The overall research aim of the thesis was to show ho  benchmarking can be applied to assess 
healthcare performance through the use of register data. The applications were demonstrated 
in the orthopaedic care of patients with hip osteoarthritis and hip fracture. The thesis includes 
four empirical studies with the following specific aims: 
o Study I: To assess associations between selected country- and region-level factors and 
age- and sex-adjusted mortality rates and LOS following surgical treatment of hip 
fractures in seven European countries. 
 
o Study II: To analyse the productivity development, i cluding changes in efficiency and 
technology, in the provision of hip replacement surgery in Sweden between 2005 and 
2012. 
 
o Study III: To assess the effects of a policy reform involving competition and bundled 
payment on the performance of hip replacement surgery m asured as LOS of surgical 
admission, adverse event rate and patient satisfaction with the outcome of the surgery. 
 
o Study IV: To examine the effects of competition andbundled payment on the perceived 
quality of elective hip replacement surgery as captured by PROMs of health gain, pain 













































The improvements in population health during the past century have been remarkable. Many 
of the main reasons for these improvements lie outside the field of healthcare, such as 
improvements in water and food supply, sanitation and control of disease vectors. Economic 
growth has also contributed through better nutrition and education. The health status 
improvements are most apparent in declines in mortality nd steady increases in life 
expectancy (1). Nowadays, there are several countries w th populations with an expected 
lifespan of 80 years, in contrast to the situation a hundred years ago, when almost no 
populations had a life expectancy of more than 50 years (13). Moreover, pharmaceutical 
developments such as vaccines and antibiotics have contributed to the significant decreases in 
the incidence of illness and death (1). While populations are growing and aging thanks to these 
improvements, and some disease progressions are being d celerated because of medical 
advancements towards more efficient treatment and cre, disease profiles are changing (such 
as the rise in non-communicable diseases), which in turn increases healthcare utilisation (2-4).  
The downside of this fundamentally positive development is greater healthcare costs due to 
increased and changed need and demand for healthcare (2-4). Adding to that are the 
technological advances (e.g., diagnostic, surgical, therapeutic and imaging) in combination 
with new drugs, tests and devices in standard medical practice, which further drive 
expenditures (4). Furthermore, there is evidence that medicines, tests and healthcare services 
are misused (provision of appropriate care, but in a way that can lead to avoidable 
complications), overused (unnecessary provision of health services) and underused (absence 
of necessary provision of health services) (4, 14).Additionally, there are wide variations in 
medical practices which cannot be explained by the characteristics of individuals or health 
status of patients, i.e., unwarranted variations. These factors also drive growing healthcare costs 
(4). For instance, according to Hicks and Makary (15), a report from the Institute of Medicine 
in 2012 concluded that up to a third of all US healthcare costs might be redundant and might 
not improve health outcomes. 
Consequently, there is an intense pressure on health systems to improve healthcare 
performance and to make competent use of limited resources (2, 3). To support organisations 
and systems in improving performance, benchmarking of relevant performance measures is 
valuable (3, 16-18). Benchmarking can be summarised a  a tool to offer organisations guidance 
in feasible performance levels and an understanding of strengths and weaknesses on the market, 
to promote changes and innovations as well as to deliver improvements in performance. 
Additional benefits of benchmarking are its cost-effectiveness and time efficiency (6). 
Moreover, benchmarking may be beneficial in the evaluation of effects of healthcare reforms 
(7). In the public sector, benchmarking is further an effective substitute for competition, which 
is a particularly attractive feature in healthcare markets where market forces are largely absent 




3.1 THEORETICAL ASPECTS 
The theory underpinning benchmarking hinges upon comparison of performance, 
identification of performance gaps and changes in the management process (6). In their pursuit 
of a benchmarking theory for the public sector, van Helden and Tillema (5) used elements from 
both economic and institutional reasoning. The latter derives from neo-institutional and 
resource dependence theories, and provides insight into motivations and processes that trigger 
organisations’ responses to institutional pressures in the public sector (5). Nevertheless, as this 
thesis is placed in the field of health economics, the following discussion on theoretical aspects 
will be delimited to economic reasoning, with the halthcare market as point of departure. 
Related empirical literature will also be highlighted.  
3.1.1 The market for healthcare 
Healthcare markets are characterised by several features distinguishing them from ‘perfect 
markets’, including extensive government regulations, imperfect information, differentiated 
products and lack of price transparency (19-21). These imperfections are mainly derived from 
the high level of uncertainty and the asymmetry of information that are intrinsic to healthcare 
(19, 21), as recognised by Arrow in the early 1960s (22). The institutional response to 
uncertainty has been various types of third-party pa er arrangements, such as national health 
service (tax-funded healthcare), social insurance ad voluntary insurance (23).  
To alleviate market failures caused by these imperfections, market-oriented elements such as 
regulated competition, financial incentives and performance measurements are being 
introduced to the healthcare sector, with the ultima e goal to improve performance. 
3.1.2 Benchmarking  
Based on economic reasoning, in the presence of market forces, consumers can choose a 
supplier in accordance with their own preferences. As the survival of poor performing suppliers 
who face low demand is thus threatened, they are motivated to improve their performance (5). 
However, in the absence of such forces, benchmarking has been advocated as a substitute for 
the competitive mechanism in the public sector. It is argued that since benchmarking enables 
consumers (patients, third-party payers, et cetera) o compare healthcare providers’ relative 
performance, the providers are incentivised to improve. In the case of unwarranted 
performance gaps, poorly performing providers feel pr ssured to improve (5, 24-26).  
3.1.3 Competition and financial incentives 
With inspiration from economic theory, competition a d financial incentives are being 
introduced to the market with the aim of correcting for market imperfections and improving 
performance. However, when third-party payers are involved, such elements may themselves 
introduce new problems, including risk selection and moral hazard, which need to be 
considered when designing market-based reforms (19, 21, 23, 27, 28).  
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Previously, competition in healthcare was confined to the US, but in the last few decades, 
competition has increasingly been introduced into European healthcare systems on either the 
provider or the insurer side of the market (27, 29). In the Northern European countries, provider 
competition is driven by patient choice in both hospital care and primary care. As the price for 
treatment is usually fixed for all providers, there is no price competition. Instead, providers 
compete in terms of quality in systems where the money follows the patient. In theory, by 
offering patients a choice, providers are incentivised to improve their quality of care and 
efficiency. In addition, patient choice is advocated as a means of improving responsiveness and 
empowering patients (28-32). Moreover, private providers may enter the market to some 
extent; however, they typically need authorisation fr m a public authority or insurer (30). 
Various prospective payment and reimbursement schemes with different mechanisms of 
financial incentives have furthermore been developed to improve provider performance. If 
these are optimally designed and used under appropriate conditions, problems of risk selection 
may be avoided. Examples of payment models include pay-for-performance schemes, in which 
provider payments are linked to specific performance targets, and bundled payments, where 
providers are given a lump sum for a defined episode of care (33-36). 
The body of empirical work on the effects of market-oriented reforms in healthcare markets is 
growing, but the evidence is mixed and unpredictable. Because of the complexity of reforms, 
it is challenging to disentangle the effects of competition from accompanying changes in 
payment mechanisms in some studies (37). Furthermor, the impact of competition is subject 
to contextual settings and important market characte istics, including policy design, whether 
pricing is centralised, availability of information and who makes the choice (37, 38). While 
there is limited evidence from the Swedish health system (39), studies from the health systems 
in the US and UK have found that competition, as theory would predict, improves quality of 
care (29, 40). Nevertheless, the overall evidence suggests that choice and competition have 
limited desired effects on efficiency and quality (37, 41, 42).  
The evidence-based effects of financial incentives ar  more difficult to recapitulate due to the 
large variety of payment models with different mechanisms of financial incentives, in addition 
to contextual settings. Reviews within the field summarise the literature as limited (but 
growing) and fragmented, with results ranging from negative (unintended) to positive effects. 
This further limits generalisability and the result may be subject to methodological 
weaknesses. It is therefore difficult to draw any general conclusions on the effects of financial 
incentives (43-46). 
3.1.4 The link between measurement and improvement 
The measurement of performance is necessary, but not sufficient, for improvement. 
Nevertheless, there are many possible mechanisms conne ting the process of measurement to 
the process of improvement. Traditional mechanisms include regulation, feedback based on 
performance measurement, targets and marketplace competition. Two of the most widely 
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advocated strategies to promote improvement are public reporting of performance and pay-for-
performance programmes (47). 
In their paper, Berwick et al. (48) discuss two pathways serving as stimulus for performance 
improvement through the public disclosure of data. The first pathway relies on the actions of 
consumers to become better informed and choose provide s of higher quality. Examples of this 
pathway include selection on the part of the individual patient, selective referral by practitioners 
and selective contracting by third-party payers. The second pathway is about change, where 
the information is used to identify areas of poor pe formance to help providers focus on what 
can be improved (48). While public reporting has been found to have little effect on the 
selection pathway, there is increasing evidence that t e change pathway does stimulate 
improvement activities in hospitals. Public reporting also enhances general accountability to 
funders and other stakeholders, thereby stimulating improved performance (18). On the other 
hand, public reporting may result in adverse uninteded consequences, such as avoidance of 
high-risk patients (49). 
Financial incentives linked to performance are increasingly being employed to improve 
performance by rewarding excellence. The effects of uch pay-for-performance programmes 
vary depending on their design, including which aspects of performance are targeted, how the 
targets are set, how strong the connection between achievement and reward (versus penalty) is, 
the extent of the incentives and whether incentives ar  offered at the individual or group level. 
The predicted impact of these dimensions on performance, based on theory, has been further 
discussed by Conrad elsewhere (50). As described above (albeit there focused on financial 
incentives in general, not on pay-for-performance programmes), it is difficult to summarise the 
effects of different performance incentive schemes, given their wide range. As in the case of 
public reporting of data, performance incentives may potentially lead to unintended responses, 
such as cream skimming and miscoding of diagnoses (50).  
 
3.2 PERFORMANCE MEASUREMENT IN HEALTHCARE 
The most important objective of health systems is to improve the health of the patients and 
populations they serve. Here, ‘health’ relates to both health outcomes following treatment and 
broader public health. Other key objectives of healt  systems are responsiveness to the 
population’s expectations and preferences, provision of financial protection against cost of ill 
health and efficient utilisation of resources. Moreov r, health systems are complex and involve 
many stakeholders (including patients, healthcare providers, managers, governments, and 
citizens). The measurement of performance in healthcare seeks to monitor, assess and 
communicate the degree to which the objectives are met, in order to inform the decisionmaking 
of the various stakeholders (18, 51). 
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3.2.1 A model of performance measurement 
At an elementary level, the process of performance measurement can be described as in Figure 
2, with the healthcare system for which performance improvements are desired depicted to the 
left. In the first stage of the process, data are colle ted and performance is measured. In the 
second stage, the collected data are analysed and interpreted, taking background influences 
into account. If the analysed data indicate a need for change, the final stage involves some sort 
of action to change the behaviour of the organisation. This action varies with the organisations 
concerned, but may for instance involve informing the choices of consumers or third-party 
payers (3, 24, 52). 
 
Figure 2. A model of the performance measurement process. Adopted from Nutley and Smith, 1998 (52). 
3.2.2 A journey into history 
There is evidence that performance measurement in the healthcare sector dates back as early 
as to the 17th century, when mortality in hospitals was compared (53). In 1754, the 
Pennsylvania Hospital collected data on patient outcomes, tabulated by diagnostic groups (54, 
55). Efforts at performance measurement to improve car continued to occur during the 19th 
century, with Sir Thomas Percival – a British physician best known for his work on a medical 
ethics code (56) – promoting the idea of tracking patient outcomes using a hospital register (57, 
58), and Florence Nightingale, ‘The Lady With the Lamp’, collecting hospital data on mortality 
and infection rates in England during the Crimean War (54).  
However, it was not until the early 1900s that systematic healthcare performance measurement 
began to emerge as a tool to assess and improve healthcare, when Dr Ernest Amory Codman, 
a surgeon at Massachusetts General Hospital, proposed the ‘end result system’ (59, 60). The 
idea behind this system was to collect data on outcomes of various patient treatments, identify 
the best and worst surgeons, and make this information publicly available to guide patients in 
their choice of physicians and hospitals. He believd that by understanding the results following 
patient care, physicians could take action to change their clinical practices in order to improve 
the care of future patients. Transparency of results would also enable physicians to learn from 












system’ during a meeting of the local medical society, he unveiled a cartoon depicting greedy 
surgeons concerned only with reimbursements associated with surgery, not with the outcomes 
following the surgery (Figure 3). Needless to say, this was not well-received and Codman 
resigned and opened his own hospital, which however was closed shortly thereafter. Still, the 
‘end result system’ was soon incorporated by the Amrican College of Surgeons, an association 
established to improve the quality of care for patients (15, 54, 55, 61). 
 
Figure 3. Codman’s famous cartoon – ‘The Back Bay golden goose ostrich’. The cartoon depicts an ostrich 
(representing the patients/public, labelled with refer nce to an area in Boston known as the Back Bay)with its 
head buried in the sand and laying golden eggs, and highlights how the fee-for-services system encouraged 
overtreatment and made physicians rich through poorquality care (15, 61). Held by Boston Medical Library in the 
Francis A. Countway Library of Medicine. Public Domain. 
A century later, performance measurements are still supported by the ideas and principles of 
Codman (54). In more recent history, there are several examples of international performance 
benchmarking projects (53, 62, 63). For instance, the Organisation for Economic Co-operation 
and Development has performed benchmarking of healthcare systems since the 1980s (63). 
This work has been developed into a comprehensive database containing more than 1,200 
indicators on different aspects of health systems in the member states (64). A similar example 
is the work carried out by the World Health Organiztion, in which the overall performance of 
health systems was assessed and compared between member states. The results were published 
in the widely known World Health Report 2000 (51).  
Furthermore, national performance measurement frameworks have been developed in many 
countries. In Sweden, examples of such frameworks are the national quality registers which 
systematically collect data on various patient groups. Initiated by the medical profession, the 
first quality register was established in the 1970s. Nowadays, there are over a hundred quality 
registers in Sweden, with the ultimate purpose to be used for continuous improvement work in 
healthcare by comparing the performance of healthcare providers (65). The quality registers 
have also been crucial in making ‘Regional Comparisons’ possible, another example of a 
performance measurement framework in Sweden. The ‘Regional Comparisons’ concept was 
developed by the National Board of Health and Welfar  together with the Swedish Association 
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of Local Authorities and Regions and has been used since 2006 to compare the quality of 
healthcare and social services in Sweden (66, 67).  
3.2.3 Methodological aspects 
Benchmarking is a continuous process and a seemingly simple endeavour with many benefits. 
However, there are some challenges and potential risks involved with the benchmarking 
process in the healthcare environment. One of the main issues concerns the comparison of non-
comparable units. As each healthcare provider or organisation differs, for example in terms of 
mission, environment and available technology, benchmarking could be misleading if units are 
benchmarked against others outside the specific area of comparison. For instance, in the 
absence of proper risk adjustments which take account f healthcare providers’ different 
compositions of patients, adopting what seem to be the best practice standards into one’s own 
organisation might result in adopting standards from an inferior organisation (6, 54, 63). 
Another challenge relates to the measurement focus and the selection of performance 
indicators. There are several dimensions and subcategories of health system performance, and 
depending on the specific objective of a comparison, the selected indicators may focus on the 
measurement of, for example, health outcomes, responsiveness or efficiency. This is also 
connected to the availability and quality of the data, which often vary across different settings, 
and may thus be an issue (54, 63). Campbell and colleagues (68) raise a few important points 
related to developing or applying indicators, including which stakeholder perspective(s) the 
indicators are intended to reflect and what aspects of healthcare should be measured. Further, 
although it may never be possible to develop an error-f ee indicator, indicators should in so far 
as possible exhibit the features of acceptability, feasibility, reliability, sensitivity to change and 
validity (68).  
Other methodological aspects relate to the levels of comparison and assessment. In the field of 
benchmarking in healthcare, comparisons can be made at either an international level, i.e., 
between healthcare systems, or at the country level, i.e., within a given system. Furthermore, 
the comparisons can be based on data derived from different levels or strata within the 
healthcare system, such as individual practitioners, primary care centres, pharmacies, hospitals, 
districts and regions, the disease or condition level, or the country level. Also, comparisons can 
be made at one time point or over time and within or between units (63). 
 
3.3 THESIS BUILDING BLOCKS 
The thesis was based on two large-scale projects: the EuroHOPE project and a coordination 
project initiated by SHAR, which were previously referred to as Settings 1 and 2, respectively 
(Figure 1). These projects are briefly described below. 
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3.3.1 The EuroHOPE project 
The EuroHOPE research project was launched in 2010. The project was a collaboration 
between seven European countries (Finland, Hungary, Italy, the Netherlands, Norway, 
Scotland and Sweden) and was financed by the European Union’s Seventh Framework 
Programme during 2010–2014. The overall aim of EuroHOPE was to evaluate the performance 
of healthcare systems in terms of quality and use of r sources. Based on linkable patient-level 
data gathered from multiple national registers and other data sources, the project took on a 
disease-based approach by considering five disease groups: ischemic stroke, hip fracture, acute 
myocardial infarction, breast cancer, and very low birth weight and preterm infants. A sub-
sector level approach was also applied by using patient-level register data from the Nordic 
countries, with the specific objective to examine healthcare productivity (69). 
In a first step, performance indicators and methods, such as standardised risk adjustment 
procedures, suitable for intra- and international register-based healthcare benchmarking, were 
developed. National disease-specific databases appropriate for this type of performance 
measurement and comparison were further created (Figure 4). Detailed descriptions of the data, 
indicators and methods are available on the project’s web page (www.eurohope.info). In a 
second step, Europe-wide benchmarking of various performance indicators was performed. 
Variations in the performance between and within participating countries were described and 
reasons behind the variations were explored. Further,  relationship between costs and 
outcomes was investigated (69). 
 
Figure 4. The creation of the EuroHOPE databases. Adopted from Häkkinen et al., 2013 (69). 
An important general finding from the project was that the observed differences in performance 
at the country, region and hospital levels could not be explained by the demand and supply 
variables included (such as age structure, gross domestic product (GDP) per capita, education, 
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unemployment, density of population and concentration of hospital care). This indicated that 
there was room for performance improvement, which underlines the significance of 
benchmarking. The project concluded that this type of standardised data collection and 
comparisons was highly feasible. However, to have an impact on healthcare performance, the 
process would need to be carried out routinely (70, 71). After the end of the EuroHOPE project, 
the work continued as part of the BRIDGE Health project (BRidging Information and Data 
Generation for Evidence-based Health policy and research), supported by the European 
Union’s Health Programme (www.bridge-health.eu). 
3.3.2 A coordination project initiated by SHAR 
In 1979, SHAR (which has recently decided to merge with the Swedish Knee Arthroplasty 
Register and form the Swedish Arthroplasty Register) started their data collection, making it 
one of the oldest national quality registers for healthcare in Sweden. The data are collected at 
the patient level from all orthopaedic departments i  the country, both public and private 
providers, and used for performance measurements and comparisons. Each year, the results are 
presented in publicly available reports with the objective to map surgical techniques, 
complications and patient-experienced results in order to improve the care of patients 
undergoing hip replacement surgery (72).  
Central to this thesis was a research database created in a coordination project initiated by 
SHAR in 2014. Within this project, data were collected from multiple national registers 
provided by SHAR, the National Board of Health and Welfare and Statistics Sweden. The data 
were linked at the patient level and encompassed information on around 300,000 operations 
between 1992 and 2013, with long-term follow-up. The database has since been extended to 
include patients who have undergone surgery in more rec nt years.  
The research database was created to foster analyses of the departments and their activities as 
well as clinical research. It has served as a starting point for clinical improvement work and 
several research projects, including a major part of this thesis. The cooperation process as well 
as the details of the database (hereafter referred to as the SHAR coordination research database) 







































4 MATERIAL AND METHODS 
The thesis includes four studies, all of which were observational and retrospective. Some 
aspects of the research design were similar between th  studies, such as the use of register data 
and quantitative analysis, while other aspects differed, such as the empirical setting and level 
of analysis. Study I was conducted in an internatiol context and was based on the EuroHOPE 
research database (Setting 1). The study aimed at comparing the performance for the surgical 
treatment of hip fractures. Studies II–IV were conducted in the Swedish context and were all 
based on the SHAR coordination research database (Setting 2). While Study II was focused on 
the productivity development of hip replacement surgery at orthopaedic departments in 
Sweden, Studies III and IV aimed at investigating the effects on various performance indicators 
of a regional reform involving competition and bundled payment for hip replacement surgery. 
In these different research approaches, various stati tic l methods were applied. An overview 





















Table 1. Overview of study characteristics.  
 Study I  Study II  Study III Study IV 
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DiD analysis Entropy balancing, 
DiD analysis 
Notes: LISA, Longitudinal Integrated Database for Health Insurance and Labour Market Studies. 
 
4.1 STUDY I 
4.1.1 Setting 
Hip fracture is a serious injury that is common worldwide. It was estimated that 1.6 million hip 
fractures occurred globally in 2000 (73) and the number is expected to reach 6.3 million by 
2050 (74). Hip fractures are an important cause of m rbidity and mortality, especially in the 
elderly population. Furthermore, hip fractures are associated with high medical care costs. 
In Study I, the performance for the surgical treatment of hip fractures was studied in the 
following seven European countries: Finland, Hungary, Italy (one region and one town), the 
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Netherlands, Norway, Scotland and Sweden. Several features of the healthcare systems differ 
between the countries. For example, five of the countries have tax-based systems (Finland, 
Italy, Norway, Scotland and Sweden), while Hungary nd the Netherlands have social 
insurance systems. The main feature distinguishing t ese two groups is the level of integration 
between payers and providers. Furthermore, the level of decentralisation varies, with Finland 
having the most decentralised system, where hospital dis ricts are responsible for hospital care. 
In Norway and Scotland, the central governments are responsible for healthcare delivery. 
Common to the seven countries was the use of prospective payment systems during the study 
period, some with elements of cost compensation. In Hu gary, Italy, the Netherlands and 
Norway, activity-based funding models were applied, where the Netherlands used diagnosis-
related group (DRG)-based funding, while Italy and Norway combined activity-based funding 
based on the DRG system and global budgets. Fixed payment systems, i.e., global budgets, 
were used in Finland and Scotland. In Sweden, reimbursement schemes differed between 
regions, with global budgets and activity-based funding based on DRGs being the most 
commonly used.  
Another important difference between the countries is the overall economic situation, which 
may affect healthcare performance. In 2008, Norway had the highest GDP per capita, whereas 
Hungary had the lowest.  
Regarding the treatment of hip fractures, there are no internationally accepted clinical 
guidelines. Nevertheless, five of the countries (Finland, the Netherlands, Norway, Scotland and 
Sweden) developed and published national clinical guidelines in the 2000s. These guidelines 
generally focus on the maximum waiting time for surgical treatment (24 hours) and which 
surgical procedure to use.  
4.1.2 Data and study population 
For Study I, the national EuroHOPE comparison databases for hip fractures in the included 
countries were utilised. These databases were created using common protocols and by linking 
data from multiple national sources, including patient registers and mortality registers, through 
the use of personal identification numbers (Figure 4). Due to national data regulations, it was 
not possible to pool patient-level data from all countries. However, exceptions could be made 
in Finland, Hungary, Italy and Sweden, making it possible to pool patient-level data, with some 
restrictions. 
Hip fracture was defined as femoral neck fracture, pertrochanteric fracture or subtrochanteric 
fracture. The surgical procedures included were total and partial prosthetic replacement, 
internal fixation and external fixation of the hip joint. Patients were included if they had been 
admitted to hospital inpatient care due to hip fracture and undergone one of the included 
surgical procedures in 2007. For Italy, data were only available from one region (Lazio) and 
one town (Turin). In Norway, data from 2007 were not available; hence, patients with a hip 
fracture in 2009 were included instead. Patients who ere younger than 50 years of age, had 
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an extremely long LOS or had incomplete personal ident fication numbers, as well as tourists, 
were excluded from the study. 
In addition, variables at the country (funding type and availability of national clinical 
guidelines) and region level (GDP per capita, population density, Herfindahl-Hirschman index 
(a common measure of market concentration), the number of hip fracture cases among those 
above 50 years per 100,000 inhabitants, and share of males) were collected from the statistical 
database of the Organisation for Economic Co-operation nd Development and from national 
statistics bureaus. Regions in Finland, Italy, the Netherlands, Norway, Scotland and Sweden 
refer to local authorities responsible for healthcare, while regions in Hungary are based on a 
regional governmental division. Regions with incomplete data or fewer than 100 hip fractures 
were excluded. 
4.1.3 Performance indicators 
The performance for the surgical treatment of hip fractures was compared across and within 
the seven countries in Study I. Performance was measur d as 30-day and one-year all-cause 
mortality rates and LOS of the first hospital episode in acute care (including hospital transfers) 
and during a follow-up period of 365 days following hip fracture. 
4.1.4 Statistical analyses 
The national comparison databases were used to calculate aggregate region-level risk-adjusted 
performance indicators. For each region, age- and sex-adjusted mortality rates and LOS were 
calculated based on the ratio between observed and predicted values. The pooled patient-level 
data from Finland, Hungary, Italy and Sweden were us d in negative binomial regression 
models (logistic regression) to calculate coefficients in order to predict mortality rates and LOS. 
To determine how much of the variance of the indicators was attributable to cross-country 
differences and regional differences, respectively, one-way random effects analysis of variance 
models were applied.  
Region-level analyses were performed to assess associ tions between the risk-adjusted 
indicators and the aforementioned country- and region-level variables. To assess the 
associations between indicators and explanatory variables, fixed (M1) and random effects 
models (M2) were applied. The Hausman test was used to select the most appropriate model 
of these two. A third model (M3) was further applied where the country-level fixed effects 
(country indicators) were replaced with fixed-effects variables for funding type and availability 




4.2 STUDIES II–IV  
4.2.1 Setting 
Total hip replacement surgery is a common procedure worldwide. In Sweden, more than 
18,000 hip replacements surgeries are performed every year, with the majority of the patients 
suffering from osteoarthritis (72). With an increasing incidence, and an aging and growing 
population, the number of surgeries is expected to rise (75). 
The 21 regions in Sweden are responsible for the funding and delivery of healthcare, through 
a decentralised tax-based healthcare system. Specialis d somatic care, such as hip replacement 
surgery, is usually provided by region-owned hospitals, but also by privately owned, often 
specialised, hospitals which are publicly regulated and financed. There are roughly 75 
orthopaedic providers performing hip replacement surgery, and these can be grouped as 
university, central or local hospitals and private specialised centres. They are in general 
reimbursed through the DRG model, either as a basis for a budget or as activity-based funding. 
In Study II, the productivity development of the orthopaedic departments providing total hip 
replacement surgery in Sweden was analysed. In Studies III and IV, the focus shifted from the 
level of departments to Region Stockholm, where a competition-promoting reform changed the 
market for hip and knee replacement surgery in 2009. Prior to the reform, patients were 
traditionally referred to and treated by the region-owned hospitals. However, with the reform, 
private providers were invited to the market through accreditation and low-risk profile patients 
were allowed to choose provider, thus creating competition for patients. In addition, the reform 
also introduced a bundled payment model for the reimbursement of providers. In this model, 
providers are given a single payment to cover costs f r a defined episode of care, including 
surgery, pre- and post-operative care, and adverse vents. Previously, a DRG-based 
arrangement was used (76). Apart from empowering the patient to make a choice, the reform 
sought to improve quality and efficiency by means of competition and economic incentives, as 
well as to increase access in order to shorten waiting t mes. 
4.2.2 Data and study population 
Studies II–IV were all based on the SHAR coordination research database. Common for the 
studies was the inclusion of patients who underwent elective total hip replacement due to 
osteoarthritis. Patients younger than 18 years, who underwent bilateral hip replacement or who 
had a prior hip replacement within 90 days of the surgery were excluded. Patients with missing 
information essential for the analyses (for example, atients with a missing or incorrect DRG 
code in Study II, and patients with missing information on any of the included confounders in 
Studies III and IV) were also excluded.  
In Study II, SHAR was used to identify and obtain data on patients who underwent surgery 
between 2005 and 2012. For each patient, administrative data on their hospital inpatient stays 
related to the surgery were retrieved from the natio l patient register. All orthopaedic 
departments in Sweden were eligible for inclusion in the study. However, a few of them had to 
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be excluded due to inabilities to match their data between SHAR and the national patient 
register, no or low completeness in the national patient register, or their entering (exiting) of 
the market during the last (first) year of the study period. Moreover, departments that were 
affected by reorganisations during the study period, such as mergers and splits, were considered 
to be the same unit during the entire study period. A total of 65 departments were included in 
the analysis after these exclusions. The departments’ production-related costs were provided 
by the National Board of Health and Welfare and the Sw dish Association of Local Authorities 
and Regions through their cost per patient database (77).  
In Studies III and IV, patients who underwent surgery in a region other than their registered 
residential region and patients at a private specialised centre in Stockholm that mainly operates 
on privately insured patients and therefore was not affected by the reform were further 
excluded. In Study III, patients who underwent surgery in 2005–2012 were included and data 
were retrieved from SHAR (information about the surgery and patient), the national patient 
register (information on hospital inpatient stays related to the surgery and previous use of 
inpatient care), the national mortality register (information on deaths) and the Swedish 
Longitudinal Integrated Database for Health Insurance and Labour Market Studies 
(information on patient demographics). Study IV included patients between 2008 and 2012. 
Additional inclusion criteria in Study IV were that the patients were at low risk (American 
Society of Anaesthesiologists grades 1 or 2) and thus covered by the reform, and had a body 
mass index between 15 and 50. Data on the surgery and PROMs, previous use of inpatient care, 
and patient demographics were collected from SHAR, the national patient register and the 
Swedish Longitudinal Integrated Database for Health Insurance and Labour Market Studies, 
respectively. 
For Studies III and IV, a questionnaire (provided in Appendix A, in Swedish) was sent out to 
all regions to gather information regarding how the providers were reimbursed for this type of 
surgical procedure. Furthermore, I held an interview with one of the representatives from the 
third-party payer that was involved in designing the reform, in order to gain a better 
understanding of what prompted the reform and how it orked in practice. Moreover, to 
understand the perspective of a hip replacement patient, I followed a patient during one day, 
from hospital admission to surgery and recovery. The following day, I made another visit to 
see how the patient was feeling and how the discharge was planned. 
4.2.3 Performance indicators 
In Study II, the departments’ development in productivity in the provision of total hip 
replacement surgery was assessed by relating the number of surgeries to the costs associated 
with the surgeries. The productivity development was also decomposed into changes in 
efficiency and technology. 
The performance indicators in Studies III and IV were selected to provide a multidimensional 
assessment of the effects of the reform. While Study III captured aspects of resource use (LOS 
of surgical admission) and quality, based on both medical outcomes (adverse events within 90 
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days following surgery) and PROMs (share of patients satisfied with the outcome of the 
surgery), Study IV focused on hip replacement surgery quality as captured by PROMs of health 
gain (indicated by the EQ-5D index and a visual anaogue scale (VAS) for health status), pain 
reduction (VAS) and level of satisfaction (VAS) one and six years post-surgery. 
4.2.4 Statistical analyses 
To measure the productivity development in Study II, the input and outputs in the orthopaedic 
departments’ production function were first defined. The single input was defined as the 
estimated departmental costs associated with hip replac ment surgery. These costs consisted 
of a fixed cost for the surgery, a variable cost corresponding to the LOS of the surgical 
admission, and costs of any adverse events within 90 days following surgery. The fixed and 
variable costs of the surgery were estimated using national averages for the DRGs which 
include hip replacement surgery, whereas the costs f r adverse events were calculated using 
DRG weights corresponding to the specific diagnoses f the adverse events. The numbers of 
non-cemented, hybrid and cemented hip replacements were defined as three different outputs. 
The input and outputs were then summarised by department and year. 
Second, following the approach developed by Färe et al. (78), input-oriented Malmquist 
Productivity Indices to measure the productivity development were calculated. These indices 
have a few attractive properties, including that information on input or output prices is not 
required in their construction and there is no need for an assumption regarding the 
organisations’ behaviour (e.g., profit maximisation or cost minimisation), which is useful in 
situations where such information is missing. Another desirable feature is that the indices can 
be decomposed into economically relevant components of productivity change: changes in 
efficiency and technology, respectively (79). 
Furthermore, as costs defined the input, cost-based Malmquist indices were constructed (80). 
The indices were calculated by relating changes in each of the departments’ production from 
one year to the next, and by comparing the production to the production frontier of the so-called 
best practice. Because of innovation and technological change, this frontier shifts over time. 
The indices of productivity change can accordingly be decomposed into efficiency change and 
technological change, where the former is associated with changes in the departments’ 
observed production relative to the maximum potential production (‘the catch-up effect’) and 
the latter is associated with shifts in the frontier (78, 80).  
To test the null hypothesis of no change in productivity, efficiency and technology, a bootstrap 
technique was applied (81, 82). In the sensitivity analyses, variations in the cost calculations, 
different model specifications, and outlier removals were applied. The calculations of the 
Malmquist indices were performed in the R software using the FEAR package (83). 
Studies III and IV were quasi-experimental studies in which the commonly used difference-in-
difference (DiD) analytical framework was applied to estimate causal effects of the reform. 
Within this framework, changes in an outcome before and after an intervention for a treatment 
group are compared with changes of the same outcome for a control group. It is assumed that 
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unobservable confounders that vary across groups are fixed over time, and thus cancel each 
other out, which allows for identification of treatment effects while controlling for these 
unobservable confounders (although without explicitly measuring them). Moreover, 
unobservable confounders that vary over time are assumed to be fixed between groups. Thus, 
in the absence of the intervention, the groups would have experienced the same changes in 
outcomes. This is referred to as the parallel trend assumption (84-87).  
Since the reform was introduced only in Region Stockh lm (at least during the study period), 
patients in this area formed the intervention group, while patients in other regions formed the 
control group. Repeated cross-sections were constructed and the data were collapsed into two 
periods, pre-reform (2005–2008 in Study III and 2008 in Study IV) and post-reform (2009–
2012 in both studies), to avoid issues of serially correlated outcomes (88). In both studies, and 
for all performance indicators, the DiD analyses were performed using regression modelling, 
with and without controlling for confounders. Generalised estimating equations were used to 
solve linear regression models, while accounting for clustering of patients within hospitals. All 
statistical analyses were performed using the SAS software, version 9.4 (89). 
In Study III, the mean outcomes per year and group were plotted to validate the assumption of 
parallel trends. The assumption was also tested in simple linear trend models by assessing the 
significance of the interaction between time and group in the pre-reform period (85). The 
following confounders were included in Study III: sex, age group, educational level, civil 
status, and level of comorbidity as indicated by Elixhauser Comorbidity Index. In Study III, 
the DiD analyses were further stratified by hospital type (university, central and local hospitals 
and private specialised centres) to examine whether the reform had heterogenous effects across 
various hospital types with differences in patient case mix. To test the robustness of the results, 
various sub-samples of low-risk patients and patients from regions with a similar hospital 
structure as Stockholm were considered. 
In Study IV, the assumption of parallel trends could not be investigated due to data being 
available only from 2008. Instead, entropy balancing was used prior to the DiD analyses to 
account for potential time-varying confounding (90). Entropy balancing is a data pre-
processing method which makes use of a reweighting scheme to create weights for all 
observations so that the confounder distributions in the reweighted treatment and control 
groups satisfy a set of prespecified balance constrai ts. In this process, differences in the 
distributions with respect to the first, second or higher moments are precisely adjusted for (91, 
92). The entropy balancing algorithm was applied to achieve balance in the mean and variance 
of observable characteristics between the treatment and control groups. The algorithm was 
applied three times to make the patients in Stockholm in the pre-period and the patients in the 
control group in the pre- and post-periods comparable to the patients in Stockholm in the post-
period (90, 93). The following confounders were included: sex, age, body mass index, 
American Society of Anaesthesiologists grade, Charnley classification (a patient self-reported 
comorbidity grouping for walking ability), surgical pproach, level of comorbidity as indicated 
by Elixhauser Comorbidity Index, civil status, educational level, and pre-operative values of 
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each respective PROM (satisfaction excluded, as it was measured only post-operatively). 
Moreover, the balancing was performed separately for each outcome and follow-up period. 
The balance was assessed by comparing weighted means and variances of the confounders.  
The DiD analyses in Study IV were thereafter performed using weighted regression modelling 
with the weights produced by the entropy balancing, with and without controlling for the same 
set of confounders used in the balancing algorithm (90, 94). In a first sensitivity analysis, 
inverse probability of treatment weighing to create balance between the groups was applied 
(95). In a second sensitivity analysis, the entropy balancing scheme was simplified and 
estimated weights so that the treatment groups would be balanced, although without 
considering the time dimension (i.e., the algorithm was applied twice: first, to make the patients 
in the pre-period control group comparable to the patients in Stockholm in the pre-period; 
second, to make the patients in the post-period control group comparable to the patients in 
Stockholm in the post-period). 
 
4.3 ETHICAL CONSIDERATIONS 
For Study I, the Regional Ethics Review Board in Stockholm, Sweden, approved the part of 
the research carried out in Sweden (reference number 2011/213-31). Similar ethical approvals 
were applied for (and granted) in the other countries. Ethical approvals for Studies II–IV were 
granted by the Regional Ethics Review Board in Gothenburg, Sweden (reference numbers 271-
14, T695-14 and 2020-00072).  
The thesis, consisting of four register-based studies, was based on two comprehensive patient-
level datasets containing sensitive information on patients with hip osteoarthritis and hip 
fracture. The data were collected from multiple national registers and were linked by the 
responsible government agencies through use of personal identification numbers. Thereafter, 
the data were pseudonymised before being distributed to the researchers involved in the two 
projects that form the basis for this thesis. 
In register-based research, ethical aspects concern th  role of informed consent and the 
protection of the integrity of study participants. Although the Declaration of Helsinki states that 
informed consent from study participants is required to conduct research (96), it is generally 
not a requirement for large-scale, register-based studies. As discussed by Ludvigsson et al. (97), 
arguments for this include that the large number of study participants makes it difficult, if not 
impossible, to obtain consent from all participants. The costs for this process would also be 
unreasonable. Moreover, requirements of consent would likely result in significantly reduced 
participation rates and lead to severe selection bias in specific groups (e.g., among immigrants 
and children). Provided that the research is ethically sound, it is assumed that study participants 
do not object to register-based research (97). For these reasons, the need for informed consent 
in register-based research is generally waived by an ethics review committee, as was the case 
for the studies included in this thesis. 
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The registration of patients in national quality registers, such as SHAR, can be related to what 
is mentioned above. At registration, patients are informed that their data may be used for 
research. Should a patient wish to opt out, the patient can do so at any time and have their 
record deleted, in accordance with the Swedish Patient Data Act (98). 
To protect the integrity of study participants, precautionary measures have been taken in the 
performance of the studies included herein. First, the datasets were pseudonymised before 
being transferred to the researchers. Thus, data containing personal information that would 
have made it possible to identify individuals, such as name, personal identification number and 
address, were at no stage processed by the researchers. Second, the data were stored on 
password-protected servers and could only be accessed by the researchers involved in the 
project. Third, the studies did not involve any contact between researchers and study 
participants. Fourth, the datasets were relatively large and all results were presented at an 
aggregated level, meaning that the risk of individual identification may be considered 
negligible.  
It should also be noted that during the work related to this thesis, I was employed by the Centre 
for Health Economics, Informatics and Health Services Research in Region Stockholm. This 
may constitute a potential risk of conflict of interest regarding Study III and Study IV, as these 
studies analysed the impact of a political reform undertaken within and by the region. On the 
other hand, the Centre for Health Economics, Informatics and Health Care Research operates 
independently from the region and has strong connections to the academic world, and the 




5 FINDINGS   
5.1 PERFORMANCE OF SURGICAL TREATMENT OF HIP FRACTU RE (STUDY 
I) 
5.1.1 National and regional differences 
A total of 59,605 patients with hip fracture residing in 102 regions in the seven European 
countries were included in Study I. In the calculation of age- and sex-adjusted indicators for 
all-cause mortality (30-day and one-year) and LOS (of first hospital episode and during a 
follow-up of 365 days) following hip fracture, marked differences were revealed in all four 
indicators, both across and within countries. At the country level, the highest 30-day and one-
year mortality rates were observed in Hungary (13.7% and 39.7%, respectively), whereas the 
lowest mortality rates were observed in Italy (4.0% and 19.1%, respectively). While Norway 
showed the shortest LOS of the first hospital episode (9.6 days), and Hungary had the shortest 
LOS during 365 days (11.1 days), Italy had the longest LOS of both the first hospital episode 
(18.7 days) and during 365 days (23.3 days). 
The analysis of variance revealed that 73% of the variation in age- and sex-adjusted 30-day 
mortality rate was attributable to country-level differences, whereas 27% of the variation was 
due to regional differences. For risk-adjusted one-year mortality rate, the proportion of variance 
caused by differences at the country and region level was 88% and 12%, respectively. For both 
indicators on risk-adjusted LOS, 57% of the variation was attributable to the country level and 
43% to the region level.  
5.1.2 Associations with selected country- and regio n-level variables 
In the analysis of associations between selected country- (funding type and availability of 
national clinical guidelines) and region-level variables (GDP per capita, population density, 
Herfindahl-Hirschman index, the number of hip fracture cases among those above 50 years per 
100,000 inhabitants, and share of males) and the performance indicators (Study I), the 
Hausman test suggested fixed effects models (M1) for all indicators but one-year mortality rate, 
for which a random effects model (M2) was preferred. In M3, the country-level fixed effects 
(country indicators) were replaced with fixed-effects variables for funding type and the 
availability of clinical guidelines. The results from Study I are presented in Table 2. As shown, 
there were significant differences in mortality rates and LOS between the countries. For 
example, in comparison with Finland, Italy had a 4.6 percentage points lower 30-day mortality 
rate (M1) and a 6.7 percentage points lower one-year mortality rate (M2). Hungary, however, 
had higher mortality rates (5.4 and 13.2 percentage points higher for 30-day and one-year 
mortality rates, respectively) than Finland (M1 and M2).  
Moreover, compared with Finland, Sweden and Italy hd longer LOS both of the first hospital 
episode (4.2 and 8.5 days longer, respectively, M1) and during the one-year follow-up (4.3 and 
7.3 days longer, respectively, M1). Hungary, however, was found to have a 2.9 days shorter 
LOS during one year compared with Finland (M1). Furthermore, while fixed budgets did not 
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have any significant effect on any of the indicators, the availability of clinical guidelines was 
associated with decreased mortality rates (between 3.9 and 9.9 percentage points) and 4.2 days 
longer LOS during one year (M3). 
At the regional level, a higher share of males was found to be associated with a higher 30-day 
mortality rate and shorter LOS (M3).  









during 365 days 
  M1 M3 M2 M3 M1 M3 M1 M3 
Intercept 12.58***  7.84**  26.04*** 30.80***  10.23*  29.76***  15.13**  23.99***  
 (3.11) (2.81) (4.46) (5.55) (4.22) (3.59) (4.83) (3.90) 
GDP/capita -0.00 -0.01 -0.01 -0.01 0.00 -0.01 0.01 0.00 
 (0.00) (0.00) (0.00) (0.01) (0.00) (0.01) (0.01) (0.01) 
Population density -0.00 -0.03 0.04 -0.05 -0.01 0.02 -0.02 0.02 
 (0.03) (0.04) (0.04) (0.08) (0.04) (0.05) (0.04) (0.06) 
HHI  -1.16 -1.32 -1.18 -3.18 -0.61 -1.81 -0.43 0.21 
 (0.98) (1.29) (1.43) (2.54) (1.33) (1.64) (1.52) (1.78) 
Share hip fractures -0.04 -0.07 0.00 -0.06 -0.04 0.05 -0.02 0.08 
 (0.04) (0.05) (0.06) (0.10) (0.05) (0.06) (0.06) (0.07) 
Share males -0.10 0.20* 0.05 0.30 -0.02 -0.54***  0.00 -0.34** 
 (0.09) (0.09) (0.13) (0.17) (0.12) (0.11) (0.13) (0.12) 
Fixed budget  0.61  2.68  -0.28  -1.90 
  (0.72)  (1.43)  (0.92)  (1.00) 
Clinical guidelines   -3.94***   -9.91***   2.09  4.21** 
  (1.00)  (1.98)  (1.28)  (1.39) 
Country indicators         
Sweden -1.31*  -3.11  4.23***   4.28***   
 (0.64)  (2.46)  (0.86)  (0.99)  
Hungary 5.40***   13.24***  1.35  -2.92*  
 (0.87)  (1.06)  (1.18)  (1.35)  
Italy -4.57***   -6.74**  8.51***   7.27***   
 (1.22)  (2.37)  (1.65)  (1.89)  
Netherlands -1.09  -2.11  3.35**  1.60  
 (0.92)  (11.63)  (1.24)  (1.42)  
Norway -0.43  -2.72  -1.14  0.09  
 (0.84)  (3.49)  (1.14)  (1.30)  
Scotland -1.23  3.40***   7.54***   2.61  
 (0.94)  (0.86)  (1.28)  (1.46)  
Finland   -1.96      
   (1.06)      
Adj. R-squared 0.72 0.43 0.03 0.53 0.57 0.22 0.53 0.22 
F statistics 23.53*** 11.13*** 0.24 16.32*** 12.68*** 4.86***  10.79*** 4.95***  
Notes: * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001. M1 = fixed effects model, M2 = random effects model, M3 = fixed 
effects model. HHI, Herfindahl-Hirschman index. 
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5.2 PERFORMANCE OF ELECTIVE HIP REPLACEMENT SURGERY  (STUDIES 
II–IV) 
5.2.1 Development in productivity, efficiency and t echnology 
The productivity development of the provision of total hip replacement surgery between 2005 
and 2012 was evaluated in Study II. The productivity development, measured by Malmquist 
Productivity Indices, was further decomposed into changes in efficiency and technology. A 
total of 65 orthopaedic departments providing total hip replacement surgery was included in 
the study. The average number of surgeries per department increased over time: from 157 
surgeries on average in 2005 to 187 surgeries on average in 2012. Regarding the input variable 
(costs of hip replacements), no clear trends were obs rvable. While the highest total cost for 
the average department was observed in 2009, the lowest total cost was observed in 2006. 
However, the mean cost of a single hip replacement surgery decreased over time: from SEK 
93,000 in 2005 to SEK 83,000 in 2012. Approximately 4–5% of the operations per year were 
followed by an adverse event. 
The overall results from the study are presented graphically in Figure 5, where averages of 
changes in productivity (Malmquist Productivity Index), efficiency and technology are shown. 
The averages were calculated as the geometric mean of the results from the 65 departments. 
The error bars represent 95% confidence intervals. A value above one indicates progress 
between two consecutive years, whereas a value below one indicates regress. A value of 1 
means no change.  
 
Figure 5. A graphical representation of the results of productivity change (Malmquist Productivity Index) and its 
components. A value = 1 indicates no change between two consecutive years, > 1 indicates progress and < 1 














2005/2006 2006/2007 2007/2008 2008/2009 2009/2010 2010/21 2011/2012 Mean
Change, %
Productivity change (Malmquist Productivity Index) Efficiency change Technological change
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As presented in Figure 5, an average productivity increase of 1.4% per year was noted over the 
study period. This development was due mainly to changes in efficiency (1.1%), rather than 
changes in technology (0.2%). The results broken down by year show that productivity 
progress was found in three periods (ranging from 1.6% to 27.0%), whereas a regress was 
found in four periods (ranging from 0.8% to 12.1%). These changes were statistically 
significant. Furthermore, efficiency improved significantly in two periods (between 2.6% and 
8.7%) and deteriorated significantly in one period (3.9%). Significant progress in technology 
was achieved in three periods (ranging from 3.2% to 16.9%), whereas a significant regress was 
experienced in two periods (between 10.2% and 12.6%). 
The department-specific Malmquist indices are presented in Table 3, whereas changes in 
efficiency and technology are presented in Appendix B and C, respectively. Inspection of the 
results shows that none of the orthopaedic departments had continuous progress or regress in 
productivity, efficiency or technology during the study period.  
Table 3. Malmquist productivity indices; mean (geomtric), 2005–2012, 65 departments.  
Department 2005/2006 2006/2007 2007/2008 2008/2009 2009/2010 2010/2011 2011/2012 
1 0.911 0.945* 0.924* 1.124* 1.120* 0.993 0.941* 
2 1.231* 0.858* 0.851* 1.005 1.218* 0.925* 0.992* 
3 1.300* 0.760* 0.914* 0.972 1.044* 0.974 0.989 
4 1.308* 0.817* 0.848* 0.951* 1.108* 1.015 0.960* 
5 1.323* 0.887* 0.981* 0.971* 1.041* 0.978 0.952* 
6 1.206* 0.897* 0.936* 0.941* 1.060* 1.034* 0.967* 
7 1.371* 0.868* 0.872* 1.034* 1.173* 1.037 0.934* 
8 1.359* 0.874* 0.971* 0.969* 1.106* 0.971* 0.974* 
9 1.352* 1.047 0.988* 0.965* 1.086* 0.929* 1.013* 
10 1.259* 0.946* 0.817* 1.005 1.109* 0.997 0.937* 
11 1.257* 0.796* 0.857* 1.008* 1.100* 1.089* 0.984* 
12 1.358* 0.871* 0.902* 0.808* 1.228* 1.070* 0.967* 
13 1.196* 0.882* 0.846* 1.021* 1.078* 1.122* 0.964* 
14 1.214* 1.047 0.863 1.038 1.023* 0.979 1.002 
15 1.317* 0.894* 0.873* 0.939* 1.131* 0.971* 1.016 
16 1.338* 0.892* 0.905* 0.969* 1.209* 1.026 0.957* 
17 1.375* 0.888* 0.929* 0.987* 1.193* 1.110* 0.896* 
18 1.363* 0.861* 0.895* 1.038* 1.170* 1.033* 1.046* 
19 1.064* 0.946* 0.920* 0.976* 1.052 1.002 0.994 
20 1.254* 0.815* 0.911* 1.022* 1.105* 1.034* 1.074* 
21 1.280* 0.906* 0.953* 0.994 1.060* 1.037* 0.956* 
22 1.236* 0.897* 0.821* 1.006* 1.151* 1.179* 1.034* 
23 1.275* 0.806* 0.966* 1.087* 1.091* 1.045* 0.932* 
24 1.307* 0.867* 0.904* 1.008* 1.153* 0.939* 0.886* 
25 1.190* 0.850* 0.925* 0.974 1.016* 1.011* 1.031* 
26 1.303* 1.057 0.767* 1.051* 0.994 1.017 0.938* 
27 1.154* 1.011 0.988 0.856* 0.999 0.988 0.987* 
28 1.272* 0.907* 0.920* 0.878* 1.067* 0.959 1.013 
29 1.202* 0.936* 0.889* 0.954* 1.070* 1.002 1.015 
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Department 2005/2006 2006/2007 2007/2008 2008/2009 2 09/2010 2010/2011 2011/2012 
30 1.313* 0.790* 0.882* 1.031* 1.253* 0.982 1.135* 
31 1.319* 0.804* 0.923* 0.920* 1.150* 1.027* 0.952* 
32 0.975 1.031 0.864* 1.032* 1.131* 0.913 1.039 
33 1.232* 0.806* 0.927* 0.960* 1.289* 0.964* 1.090* 
34 1.187* 0.924* 0.868* 0.981* 1.073* 1.066* 0.996 
35 1.188* 0.881* 0.949* 1.058* 1.123* 1.024* 0.982 
36 1.689* 0.682* 0.943* 1.028* 1.197* 1.062* 0.907* 
37 1.217* 0.828* 0.952* 0.966* 1.085* 0.922* 0.946* 
38 1.285* 0.926* 0.944* 0.993 1.035* 1.050* 0.871* 
39 1.186* 0.859* 0.888* 1.026* 1.078* 1.021* 0.965* 
40 1.417* 0.880* 0.861* 0.990* 1.154* 1.123* 0.993* 
41 1.351* 0.831* 0.960* 1.022* 1.127* 1.026* 0.991 
42 1.166* 1.013 0.852* 0.987 1.276* 0.932* 1.012 
43 1.261* 1.221* 0.657* 1.045* 1.096* 1.138* 1.037* 
44 1.105* 0.922* 0.900* 0.855* 1.298* 0.977* 1.029 
45 1.325* 0.856* 0.912* 1.008* 1.071* 1.070* 1.087* 
46 1.307* 0.820* 0.920* 0.924* 1.071* 1.007 1.015* 
47 1.297* 0.894* 0.963* 1.010 0.967 1.048* 1.050* 
48 1.331* 0.859* 0.794* 1.035* 1.106* 1.084* 0.979* 
49 1.250* 0.878* 0.929* 1.015* 1.076* 1.006* 0.908* 
50 1.581* 0.885* 0.803* 1.067* 1.076* 0.981* 0.962* 
51 1.306* 0.882* 0.859* 1.053* 1.089* 0.988* 0.956* 
52 1.331* 0.852* 0.901* 0.997 1.124* 0.984 0.999 
53 1.235* 0.839* 0.912* 0.945* 1.118* 1.009 0.997 
54 1.321* 0.866* 0.809* 0.914* 1.044* 1.058* 0.947* 
55 1.270* 0.807* 0.871* 0.912* 1.133* 0.970* 1.005 
56 1.400* 0.819* 1.009 0.964* 1.076* 1.053 1.009 
57 1.412* 0.878* 1.011 1.045 1.211* 0.967* 0.993* 
58 1.160* 0.873* 0.770* 1.204* 0.964 1.076* 0.894* 
59 1.343* 0.845* 0.937* 0.946* 1.100* 1.020* 0.966* 
60 1.344* 0.897* 0.818* 0.922* 1.230* 1.078* 1.043* 
61 1.279* 0.827* 0.925* 1.169* 1.146* 1.054* 0.986* 
62 1.245* 0.841* 0.898* 1.040* 1.085* 0.927* 1.028* 
63 1.223* 0.838* 0.907* 0.971* 1.101* 1.051* 0.953* 
64 1.236* 0.831* 0.927* 0.991 1.138* 0.969* 0.942* 
65 1.229* 0.823* 0.934* 1.038* 1.069* 1.071* 0.966* 
Geometric mean 1.270* 0.879* 0.895* 0.992* 1.110* 1.016* 0.983* 
Notes: The numbers show annual change between two conse utive years, = 1 indicates no change, > 1 indicates 
progress, < 1 indicates regress. * indicates statistically significantly different from 1.0 at 95% levl. 
The sensitivity analyses showed that the overall results were rather robust; productivity slightly 
increased over the study period in all models, with efficiency changes being the main 
contributor to this progress. 
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5.2.2 Effects of competition and bundled payment 
In Studies III and IV, the effects of competition ad bundled payment on the performance of 
hip replacement surgery were evaluated. Several performance indicators were investigated to 
provide a multidimensional assessment of the reform. A total of 85,275 observations were 
included in the main analysis of Study III, whereas 36,627 observations were included in the 
analysis of PROMs with a one-year follow-up (Study IV) and 18,145 observations were 
included for the six-year follow-up PROMs (Study IV). Table 4 presents how the observations 
were divided by group and period. 
Table 4. Number of observations included in Study III and Study IV.  
    
Stockholm  
(treatment group) 
Other regions  
(control group) 
    Pre-reform Post-reform Pre-reform Post-reform 
Study III     
 LOS of surgical admission 6,380 8,190 32,799 37,906 
 Adverse events within 90 days 6,380 8,190 32,799 37,906 
 Share of satisfied patients 2,581 7,512 14,235 34,686 
      
Study IV     
 One-year follow-up PROMs 1,143 5,420 4,785 25,279 
  Six-year follow-up PROMs 1,004 2,259 4,205 10,677 
Notes: In Study III, pre-reform = 2005–2008 (2007–2008 for share of satisfied patients). In Study IV, pre-reform 
= 2008. In both Study III and Study IV, post-reform = 2009–2012.  
Descriptive statistics showed that the resource use, measured as LOS of surgical admission, 
declined over time (Study III) in both Stockholm (treatment group) and the other regions 
(control group). This can also be seen in Figure 6a. Patients in the control group had a longer 
LOS than patients in Stockholm, both before and after the reform. However, they approached 
Stockholm’s level over time. Moreover, visual inspection of the trend of LOS (Figure 6a) and 
a statistical test validated the assumption of commn trends prior to the reform. In the analysis 
of the effects of the introduction of competition and bundled payment in Stockholm, the results 
revealed that LOS increased in relation to the control group (Study III). However, as Figure 6a 
shows, LOS has still slightly decreased after the reform in Stockholm. As indicated in Table 5, 
the risk-adjusted decrease in LOS was 0.7 days lower (baseline LOS of 5.8 days) in Stockholm 
in comparison with the control group. In the analysis stratified by hospital type, it was revealed 





Figure 6a-c. Performance indicators per group over time and corresponding counterfactuals. The vertical eference 
line indicates the introduction of the reform. 
The assumption of common trends for adverse event rates before the reform was also confirmed 
by visual inspection (Figure 6b) and a statistical test (Study III). Prior to the reform, the control 
group clearly had a lower rate of adverse events according to descriptive statistics and Figure 
6b. However, while the control group experienced only a marginal decrease in their rate over 
time, Stockholm experienced a rather sharp reduction in the adverse event rate post-reform. 
The DiD analysis confirmed this, and indicated thate reform led to a significant decrease of 
1.6–1.8 percentage points (Table 5) in the adverse vent rate (baseline rate of 6.3 percent). 
Again, this effect was driven mainly by university and central hospitals according to the 
analysis stratified by hospital type.  
Regarding the indicators on patient satisfaction with the outcome of the surgery, both the share 
of patients who were satisfied (Study III) and the level of satisfaction (Study IV) were similar 
across treatment groups and remained quite stable over time. As information regarding patient 
satisfaction was available only from 2007 (i.e., two years before the reform) in Study III, it was 
difficult to shed light on the validity of common trends (Figure 6c). Therefore, the results 
should be interpreted with caution. Nevertheless, in Study IV, balance in the included 
confounders was successfully achieved through the entropy balancing. This means that the 
results are more reliable, since time-varying confou ding, which could affect the groups’ trends 
differently, is accounted for. According to the DiD analyses in Studies III and IV, patient 
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Similarly, Study IV showed that gains in EQ-5D index and health status as indicated on a VAS 
as well as pain reduction as indicated on a VAS after hip replacement surgery in Stockholm 
were comparable to those in the control group, at both one- and six-year follow-up. These 
indicators did not change over time. Again, the entropy balancing was successful in creating 
balance between the groups. Results from the DiD analyses indicated that the reform did not 
have any effect on these indicators.  
The sensitivity analyses showed that the results in both studies were robust.  
Table 5. Results from DiD analyses.  
      Unadjusted Adjusted 
Performance indicators DiD estimate Std. err. DiD estimate Std. err. 
Resource use     
  LOS of surgical admission 0.594** 0.271 0.669*** 0.258 
       
Quality     
 Medical outcomes, 90-day follow-up     
  Adverse event rate -0.018*** 0.006 -0.016** 0.007 
       
 PROMs, one-year follow-up    
  Gain EQ-5D index -0.004 0.017 -0.003 0.011 
  Gain health status VAS -0.202 1.129 -0.203 0.688 
  Reduction pain VAS 0.195 1.751 0.073 0.991 
  Share of satisfied patients (Study III) 0.320 1.296 0.310 1.366 
  Level of satisfaction VAS (Study IV) -0.008 0.016 -0.010 0.017        
 PROMs, six-year follow-up    
  Gain EQ-5D index 0.011 0.015 0.012 0.010 
  Gain health status VAS 1.317 1.575 1.238 1.455 
  Reduction pain VAS 0.715 1.747 0.650 0.974 
    Level of satisfaction VAS (Study IV) 0.437 1.150 0.431 1.159 













This thesis has shown how benchmarking can be applied to assess healthcare performance with 
the use of register data, and contributes with different aspects and applications of performance 
benchmarking. First, it has provided comparisons at three levels: between countries, between 
regions and between departments. Second, it has demonstrated how performance measurement 
can be applied to both identify and analyse performance gaps, as well as to assess healthcare 
reforms.  
In the following sections, the key findings of the empirical studies are presented and 
interpreted. This is followed by a discussion on the use of benchmarking and register data to 
assess healthcare performance. Next, strengths and limitations are highlighted. Lastly, future 
perspectives are reflected upon. 
 
6.1 KEY FINDINGS AND INTERPRETATIONS 
6.1.1 International comparisons 
At the international level, the systematic comparisons revealed marked differences in LOS and 
mortality rates for hip fracture patients, both across and within included countries, after 
adjustment for patients' age and sex (Study I). Variations in the performance were found to be 
associated with the availability of national clinical guidelines, share of males in the region and 
country-specific effects. As expected, countries with developed and available clinical 
guidelines as well as regions with larger share of males performed better in terms of lower 
mortality rates. This indicates that there is room for improvement, and that policymakers, 
managers and clinicians should learn from best practices. For example, countries that have not 
yet introduced national clinical guidelines should perhaps do so.  
There are several important factors that may further explain these differences. However, these 
were not possible to examine in the study. For example, different surgical methods and 
rehabilitation practices for various types of fractures may contribute to variations in LOS (99). 
Moreover, there has been efforts in the surgical and medical management of hip fracture 
patients which are believed to reduce mortality. These include a focus on timely surgical 
intervention, weight-bearing exercises earlier in the care trajectory, improved surgical devices 
and increased rates of discharge to non-acute healthcare facilities rather than discharge to home 
(100), and may further explain differences in mortality rates. In addition, pre-operative waiting 
time is an important factor which could affect both mortality and LOS (101, 102). 
6.1.2 Regional comparisons 
In Study III and Study IV, regional differences in the adoption of a reform were exploited to 
assess its effects on the performance of hip replacment surgery. The reform was implemented 
in the capital region, but not in the other Swedish regions (at least not during the study period), 
and involved competition and bundled payment. Together, the two studies provided a 
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multidimensional assessment of the reform, as several p formance indicators were measured 
and investigated. 
The main findings from these studies indicated that t e reform led to the LOS of the surgical 
admission not decreasing at the same rate as before, and to successful reduction of the adverse 
event rate within 90 days following surgery (Study III). The analyses stratified by hospital type 
in Study III indicated that the effect on LOS was driven by lower decreases in LOS at university 
and central hospitals. This may be an effect of what qu litative studies have shown: a separation 
of low- and high-risk patients, where acute hospitals reat high-risk patients and private 
specialised centres treat low-risk patients (103). The decrease in the adverse event rate was also 
found to be specifically derived from improved rates at university and central hospitals. 
Furthermore, the reform brought no changes in patient satisfaction with the outcome of the 
surgery (Study III and Study IV) or gains in PROMs at one- and six-year follow-ups (Study 
IV).  
Taken together, the findings from Study III and Study IV have several important implications. 
First, the results can be interpreted on the basis of the incentives that are embedded in the 
bundled payment model. Within the new model, providers are reimbursed a fixed price per 
patient to cover costs for all services included in the bundle, including pre-operative 
diagnostics, implant costs, surgery and post-operativ  care. Furthermore, providers are 
financially accountable for any complications (adverse events) within two years (up to five 
years in case of infections), through a complication guarantee. As part of the bundled payment, 
providers may also be remunerated through a performance payment of a few percentage points, 
if they achieve certain performance targets, such as a minimum share of patients who 
experience improved quality of life and pain relief one year after surgery. Compared with other 
payment models where providers are reimbursed for each service and thus not financially 
accountable for post-operative activities, providers have stronger incentives to focus on quality 
with the bundled payment, perhaps at the disbursement of higher resource use, such as LOS. 
This might explain the Study III findings of a lower decrease in LOS and reduced adverse event 
rate in Stockholm after the reform. Further, due to how the bundled payment was structured, 
the incentive for avoiding negative outcomes, such as adverse events, was stronger than that 
for improving PROMs, which may explain the findings of the lack of effects on PROMs in 
Study IV.  
Second, ‘having a new hip’ is presumably the driver b hind the majority of potential gains in 
PROMs (especially after a year, when a patient is likely to have forgotten how bad they felt at 
the time of surgery) and due to the bounded nature of these gains, the PROMs can only improve 
up to a certain limit. As the PROMs were at a relatively satisfactory level prior to the reform, 
it was thus perhaps not expected to see improvements in these measures. Further, had there 
been any minor gains, they would probably have appered shortly after surgery.  
Third, it is expected that adverse events will have  direct effect on PROMs, at least in their 
immediate aftermath. The seemingly contradictory finding of reduced adverse event rate, but 
no gains in PROMs, may also be explained by the timing discrepancy.  
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6.1.3 Departmental comparisons 
In the productivity analysis of hip replacement surgery, differences in the development of 
productivity, efficiency and technology across and within orthopaedic departments were 
revealed (Study II). There were, however, no distinct departments that were continuously 
efficient and simultaneously pushing the production fr tier outwards. In other words, none of 
the departments were identified as ‘technical’ leaders.  
Furthermore, the overall results indicated a slight positive productivity development between 
2005 and 2012. When this was decomposed, the progress was seen to primarily be due to catch-
up effects, i.e., improvements in efficiency, rather than changes in technology. As previously 
mentioned, SHAR believes in transparency and publishes yearly reports containing 
performance measures from all orthopaedic departments in Sweden, with the ultimate goal to 
improve performance. In addition, data are to some ext nt accessible online through SHAR’s 
website. With the help of these data and reports, individual departments can compare their 
results with others. Should a department underperform, reasons for this may be investigated 
and, based on that information, measures can be takn. Thus, the practice of public 
benchmarking may have contributed to the observed catch-up effect.  
In order to improve overall productivity, variations need to be addressed and reduced by 
improving the performance of the least productive units.  
 
6.2 THE USE OF BENCHMARKING AND REGISTER DATA 
Benchmarking is recognised as an option in various parts of the healthcare system, including 
for resource funding, public reporting, administrative control, and improvement of clinical 
practice. Its versatility is one of the reasons why performance benchmarking is so popular 
(104). It is a rather straightforward process with many benefits: in its simplest form, all that is 
required is a means of collecting and analysing performance data, and what you get is 
information that enlightens decisionmaking.  
The potential of healthcare registers, medical transp rency and benchmarking was recognised 
by Codman already in the early 1900s (59, 60). Since then, Codman’s ‘end result system’ has 
served as a basis for many quality improvement initiatives. What facilitates today’s 
performance measurement is the changing attitudes in general, growing demand for health 
system accountability, and rapid advances in technology and analytical methodology (105), 
coupled with enormous amounts of routinely collected and accessible real world data. This can 
be contrasted with the context of a hundred years ago, when the reality was as depicted in 
Figure 7 (Codman’s national register of bone sarcoma patients). In addition, the possibility of 
linking multiple registers at the level of the indivi ual, which can be done in Sweden and many 
other countries, provides opportunities for further risk adjustment and multi-level analyses, 
where variations in performance can be disentangled at several levels (such as at the patient or 
provider level), which is important for fair benchmarking (7). Furthermore, the present access 
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to internationally comparable data creates opportunities to increase the number of observations 
included and thereby strengthen statistical analyses.  
 
Figure 7. Codman’s national register of bone sarcoma patients. Picture taken by Roy Mabrey. Held by Boston 
Medical Library in the Francis A. Countway Library of Medicine. Public Domain. 
This thesis has demonstrated how benchmarking can be used at several different levels of 
healthcare systems to assess relative performance. In Studies I and II, performance gaps were 
identified between and within units of analysis (countries, regions and departments), which 
indicates that there is room for improvements. Further, the thesis has shown how performance 
measurements can be used to investigate factors which explain differences between 
organisations, as exemplified in Study I. 
The information derived from these approaches may further be used by different stakeholders 
in various ways. For example, comparisons carried out at the national and international levels 
can provide valuable information for governments and regulators in terms of population health, 
regulatory effectiveness and efficiency, et cetera. Such comparisons strongly contribute to 
national accountability and provide important input for health policymaking (105). 
International level comparisons can also provide information on which national data may not 
be sufficient. For instance, they may lead to the discovery of more cost-effective approaches, 
which in turn offer useful information to a range of stakeholders, including third-party payers, 
regulators and providers. However, challenges connected to measurement at this level concern 
the availability and comparability of data, which was experienced in Study I.  
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On the other hand, benchmarking carried out at the hospital or departmental level, where 
similar services are compared, provides other relevant and useful information to care providers, 
among others. This may include information on, for instance, their relative performance, scope 
for improvement and own development. In another aspect, an advantage of assessing 
performance by disease or specific procedure (i.e.,a disease-based approach), such as hip 
replacement surgery, is the possibility to relate inputs to outputs and outcomes (e.g., outcomes 
can be measured and linked quite accurately to costs).  
From the perspective of patients, public disclosure of information about available providers 
and their performance enables them to make more rational choices based on personal 
preferences (if they can make choices). Examples of relevant information include available 
healthcare services, treatment options and health ou comes. In the case of elective hip 
replacement surgery, studies have found that patients do incorporate quality information in 
their choice of hospital (106, 107). 
Furthermore, as demonstrated in Studies III–IV, performance measurement may also be used 
to evaluate healthcare policies. Such assessments provide important input that can inform 
policymaking. For example, the studies showed how the reform had affected various aspects 
of the performance of hip replacement surgery differently, possibly because of how the 
financial incentives were structured and linked to outcomes. From another perspective, an 
advantage of international data is the possibility they create by providing an appropriate control 
group to evaluate the effects of national healthcare policies. 
In conclusion, the information derived from the different approaches and levels of 
benchmarking thus satisfies diverse needs among the various stakeholders in healthcare 
systems, which is important to consider in the design of performance measurements. 
 
6.3 STRENGTHS AND LIMITATIONS 
This thesis has contributed with a range of different aspects and applications of performance 
measurement. One important strength thus relates to the variety of methods which were 
employed to approach the study-specific objectives. In the assessment of the healthcare reform 
for hip replacement surgery, a quasi-experimental design was applied to estimate its causal 
impact on performance (Studies III–IV). The causal interpretation rests on the assumption that 
there are no confounding variables which cannot be accounted for. In both studies, the widely 
applied DiD analytical framework was employed to deal with potential time-invariant 
confounding caused by selection bias. In Study III, the key underlying assumption of parallel 
trends of the outcomes between treatment groups was considered to be fulfilled. In other words, 
the control group was assumed to provide an appropriate counterfactual of the trend that 
Stockholm would have followed in the absence of the reform, which enabled identification of 
treatment effects. In Study IV, data were not availble to investigate this assumption. 
Nevertheless, to account for the differing compositi ns of patients between the treatment 
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groups, which may vary over time, weighing techniques were used in combination with DiD 
to reduce selection bias caused by this type of confounding.  
Moreover, in Study II, where the productivity of hip replacement surgery was analysed, 
Malmquist productivity indices were computed, making it possible to decompose productivity 
changes into changes in efficiency and changes in technology. This distinction should prove 
useful for policy purposes, as it provides detailed nformation which may support managers 
and policymakers in undertaking actions for productivity improvement. 
Another major strength of the thesis relates to the comprehensive patient level datasets that the 
studies were based on. The data included information on patients, procedures, resource use and 
quality outcomes, with the linkage between multiple registers being crucial. The data created 
opportunities for fair benchmarking through proper risk adjustments and provided possibilities 
to benchmark performance in many aspects.  
Moreover, through the rich dataset on hip replacement surgeries, it was possible to evaluate the 
reform based on multiple performance dimensions, including aspects of resource use and both 
objective and subjective quality (Studies III–IV). 
The studies included in the thesis are subject to a number of limitations which should be noted. 
First, despite the emphasis on the importance of risk adjustment for fair benchmarking, 
differences in patient case mix were not accounted for in the productivity analysis for hip 
replacement surgery in Study II, which was clearly  major limitation. In addition, Study I 
lacked information on aspects known to affect LOS and mortality after hip fracture, such as 
additional case-mix variables and pre-operative waiting time. This was largely due to 
differences in the availability of such information. 
Second, in the assessment of the reform for hip replac ment surgery (Study III and Study IV), 
it was not possible to separate whether the effects were driven by the introduction of patient 
choice, free entry of new providers through accreditation, a changed reimbursement scheme, 
or a combination of all of these factors. Furthermore, it is possible that the effects of the reform 
varied over time, however, this was not examined.  
Lastly, an overall limitation of the thesis concerns costs and resource use. While Study II 
attempted to estimate costs, Studies I and III used LOS as means of describing resource use. 
However, since information on healthcare costs are not (easily) obtainable at the patient level 
in Sweden, and thus not linkable to patient registers, it may not be a limitation of the thesis per 
se. Nevertheless, from a health economic perspective, the inclusion of more accurate costs and 
resource use would surely have strengthened the thesis. 
 
6.4 FUTURE PERSPECTIVES 
Returning to Nutley’s and Smith’s (52) model of performance measurement (Figure 2), this 
thesis has exemplified the first two stages in the process of benchmarking: the measurement 
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and analysis of performance data. Differences in the performance of orthopaedic care of 
patients with hip fracture and osteoarthritis have be n identified and disentangled at various 
levels of healthcare systems, indicating that there is room for improvement. Still, these 
performance measurements are not enough in themselves; some sort of action needs to take 
place for improvement to occur, as represented in the final stage of the process in Figure 2. 
Future perspectives should therefore focus on how tis information can and should be used in 
practice to change organisations’ behaviors in order to improve performance.  
This does not apply only to the benchmarking demonstrated in the field of orthopaedic care. 
Although benchmarking has gained a fundamental role in many parts of healthcare systems, 
where management through measures is emphasised by healthcare managers and 
policymakers, there is limited evidence on the use of performance measures and the effects of 
benchmarking initiatives (6, 24, 104). 
Furthermore, in its evaluation of the healthcare reform for hip replacement surgery, the thesis 
has contributed with important input for policymakers to consider when designing financial 
incentives linked to outcomes. To address relevant co cerns regarding quality, policies should 
be preceded by a review of quality indicators in terms of the degree of poor performance and 
the potential for improvement. Outcomes that are at a satisfactory level should perhaps not be 
subject to rewards (such as the PROMs, in this case, which were unaffected by the reform). 
Rather, the focus should be on inferior outcomes (in this case, adverse events, which 
significantly decreased as an effect of the reform and led to Stockholm becoming on par with 
the rest of Sweden). A suggestion for future studies is to address the reform’s impact on 
healthcare costs. 
On a final note, from a health economic perspective, a register of healthcare costs, with 
possibilities to link to other healthcare registers at the patient level, would enable important 
economic analyses that could inform decisionmaking. However, this needs to be done at a 










































The overall aim of this thesis was to show how benchmarking can be applied to assess 
healthcare performance with the use of register data. The four studies in the thesis contributed 
with various perspectives and measurements at different levels of healthcare systems. The 
information derived can satisfy diverse needs among the various stakeholders in healthcare 
systems, which is important to consider in the design of performance measurements. 
First, the thesis has demonstrated how performance benchmarking can be applied to both 
identify and analyse performance gaps. At the international level, considerable variations in 
mortality rates and LOS in the surgical treatment of hip fractures between and within included 
countries were revealed. These variations were found to be associated with the availability of 
national clinical guidelines, the share of males in the region and country-specific effects. The 
findings imply that there is room for improvement, and that policymakers, healthcare managers 
and clinicians should learn from best practices. Study I showed that international standardised 
analysis of patient-level data is feasible and can be considered a step towards routine register-
based international benchmarking of healthcare systems in the treatment of hip fractures. 
Similarly, the departmental comparisons revealed differences in the development of 
productivity, efficiency and technology for hip replacement surgery across and within 
orthopaedic departments. The findings of a slight positive overall productivity development, 
due mainly to catch-up effects, may show some support for the usefulness of public reporting. 
To improve overall productivity, variations need to be addressed and reduced by improving the 
performance of the least productive units.  
Second, the thesis has demonstrated how benchmarking can be beneficial in the evaluation of 
healthcare reforms. The effects of a regional reform involving competition and financial 
incentives to encourage improved performance of hip replacement surgery were analysed, 
where the main findings indicated that the reform led to the LOS not decreasing at the same 
rate as before, and to successful reduction of the adv rse event rate. Moreover, the reform 
brought no changes in patient satisfaction or gains in PROMs at one- and six-year follow-ups. 
These findings contribute to the general knowledge about the effects of market elements and 
financial incentives and offer valuable information t  various stakeholders.  
Future perspectives should focus on how this information can and should be used in practice 
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10.1 APPENDIX A – QUESTIONNAIRE ON REIMBURSEMENT SC HEME 
Enkät: Ersättning höftprotesoperationer     
Vänligen fyll i blåmarkerade rutor enligt anvisning.     
        
Region:        
        
 
Vänligen fyll i uppgifterna nedan med hjälp av förkortningarna för respektive 
år.   
 Hur sker ersättningen av höftprotesoperationer, uppdelat på 








(privata)     Ev. kommentar   
1999         
2000         
2001         
2002         
2003         
2004         
2005         
2006         
2007         
2008         
2009         
2010         
2011         
2012         
2013         
2014         
2015         
2016         
2017         
2018         
2019         
        
Olika typer av ersättningar och deras förkortningar:         
B =  Budget/anslag 
DRG =  Ersättning per produktgrupp baserad på DRG 
V =  Vårdepisodersättning (bundled payment) inkl. vård för komplikationer efter utskrivning 
Å =  Åtgärdsbaserad ersättning 




10.2 APPENDIX B – CHANGES IN EFFICIENCY 
Department 2005/2006 2006/2007 2007/2008 2008/2009 2 09/2010 2010/2011 2011/2012 
1 0.816 1.120* 1.045 1.048 1.000 1.000 0.963 
2 1.095* 1.022 0.978 0.910* 1.091* 0.926* 0.998 
3 1.191* 0.883* 1.028 0.937* 0.927* 0.981 0.996 
4 1.174* 0.958* 0.966* 0.943 1.034 1.045* 0.944* 
5 1.086* 0.987 1.060 0.979 0.990 0.988 0.950* 
6 1.034* 1.026 1.031 0.933* 0.980 1.052* 0.953* 
7 1.157* 1.046* 0.991 1.005 1.071 1.033 0.960 
8 1.116* 1.000 1.000 1.000 1.000 1.000 0.989 
9 1.135 1.000 1.000 1.000 1.000 1.000 1.000 
10 1.034 1.168* 0.929* 0.980 1.007 0.997 0.948* 
11 1.124* 0.916* 0.886* 1.030 1.002 1.115* 1.005 
12 1.132* 0.987 0.988 0.763* 1.116* 1.083* 0.966 
13 1.007 1.080* 0.959* 0.969 0.957 1.130* 0.974 
14 1.035 1.001 0.993 1.007 1.000 1.000 0.988 
15 1.181* 1.033 0.978 0.893* 0.996 0.961 1.042 
16 1.080* 0.953 0.983 0.998 1.143* 1.065* 0.945* 
17 1.112* 0.989 0.990 0.999 1.136* 1.148* 0.883* 
18 1.242* 0.995 1.012 0.961* 1.022 1.002 1.064* 
19 0.935* 1.091 1.018 0.995 0.995 1.058* 0.997 
20 1.143* 0.950* 1.017 0.963* 1.012 1.043* 1.064* 
21 1.057 1.111* 1.096* 0.923* 0.935* 1.056* 0.976 
22 1.082* 1.048* 0.911* 0.956* 1.031 1.183* 1.043 
23 1.107* 0.928* 1.070* 1.042 0.996 1.060* 0.935* 
24 1.197* 1.002 1.022 0.933* 1.008 0.911* 0.922 
25 1.000 1.000 1.000 1.000 0.962 1.027 1.012 
26 1.072 1.000 1.000 1.000 1.000 1.000 0.966 
27 0.950 1.140* 1.099* 0.864* 0.962 1.029* 0.972* 
28 1.053 1.011 1.028 0.891 0.995 0.985 1.030 
29 1.092* 1.087* 1.005 0.866* 0.953 0.984 1.034 
30 1.193* 0.921* 1.001 0.943* 1.106* 0.963 1.125* 
31 1.195* 0.940* 1.046* 0.853* 1.043* 1.033* 0.945* 
32 0.843 1.138* 0.945* 1.014 1.086 0.949 1.042 
33 1.043 0.944* 1.058* 0.927* 1.179* 0.965 1.100* 
34 1.088* 1.068* 0.980 0.891* 0.968 1.061* 0.996 
35 1.010 0.990 1.020 1.025 1.000 1.000 1.000 
36 1.190 0.789 1.057* 0.982 1.082* 1.070* 0.913* 
37 1.114* 0.961* 1.085* 0.914* 0.985 0.928 0.952 
38 1.055* 1.051* 0.976 1.027 0.939* 1.078* 0.893* 
39 1.000 1.000 1.000 1.000 0.989 1.012 1.000 
40 1.222* 1.033 0.961 0.935* 1.032 1.121* 1.000 
41 1.110* 0.948* 1.098* 0.951* 1.012 1.027 1.004 
42 0.982 1.105* 0.919* 0.952 1.216* 0.984 0.997 
43 0.992 1.226* 0.711* 1.065* 1.028 1.170* 1.039* 
44 0.915* 1.034 0.953 0.868* 1.228* 1.013 1.026 
45 1.047 0.962 0.970 1.051* 1.010 1.089* 1.079* 
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Department 2005/2006 2006/2007 2007/2008 2008/2009 2 09/2010 2010/2011 2011/2012 
46 1.172* 0.965* 1.051* 0.879* 0.976 1.013 1.017 
47 1.093* 1.011 1.035 1.022 0.920 1.091* 1.035 
48 1.094* 1.049* 0.908* 0.977 0.983 1.099* 0.994 
49 1.144* 1.014 1.050* 0.940* 0.940 0.976 0.928 
50 1.287* 0.998 0.877* 1.050 0.996 1.004 0.971 
51 1.045 1.047* 0.970 1.071* 1.017 0.991 0.964 
52 1.142* 0.997 1.016 0.928* 1.000 0.974 1.016 
53 1.107* 1.013 1.040 0.912* 1.010 1.015 1.012 
54 1.092* 1.060* 0.923* 0.911* 0.984 1.086* 0.929* 
55 1.152* 0.941* 0.962 0.879* 1.046* 0.987 1.007 
56 1.200* 0.875 1.135 0.952 1.045* 1.046 1.000 
57 1.176* 0.967 1.091* 1.039 1.163* 0.995 0.995 
58 1.045* 1.044 0.876* 1.195* 0.896* 1.075* 0.903* 
59 1.111* 0.936 0.972 0.974 1.053* 1.057* 0.943* 
60 1.145* 1.052* 0.927* 0.848* 1.113* 1.075* 1.053* 
61 1.029 0.974 1.053 1.164 1.000 1.000 1.000 
62 1.137* 0.981* 1.005 0.971* 0.972 0.920* 1.037* 
63 1.068* 1.006 1.042* 0.906* 0.990 1.056* 0.956 
64 1.132* 0.967* 1.048* 0.907* 1.020 0.957* 0.942 
65 1.080* 0.998 1.071* 0.941* 0.954 1.074* 0.973 
Geometric mean 1.087* 1.006* 0.996* 0.961* 1.018* 1.026* 0.988* 
Notes: The numbers show annual change in efficiency between two consecutive years, = 1 indicates no change, > 



















10.3 APPENDIX C – CHANGES IN TECHNOLOGY 
Department 2005/2006 2006/2007 2007/2008 2008/2009 2 09/2010 2010/2011 2011/2012 
1 1.116 0.844* 0.885* 1.073* 1.120* 0.993 0.977 
2 1.124* 0.840* 0.869* 1.104* 1.116* 0.999 0.994 
3 1.092* 0.860* 0.889* 1.037* 1.126* 0.993 0.993 
4 1.114* 0.853* 0.877* 1.009 1.072* 0.971* 1.017 
5 1.217* 0.899* 0.926 0.992 1.052 0.990 1.002 
6 1.167* 0.874* 0.908* 1.008 1.082* 0.983 1.014 
7 1.184* 0.829* 0.880* 1.030 1.094* 1.004 0.973 
8 1.218* 0.874* 0.971 0.969 1.106* 0.971 0.984 
9 1.191 1.047 0.988 0.965 1.086 0.929 1.013 
10 1.218* 0.810* 0.879* 1.026 1.102* 1.000 0.989 
11 1.118* 0.868* 0.968 0.979 1.099* 0.977 0.979 
12 1.199* 0.883* 0.913* 1.059* 1.101* 0.988 1.002 
13 1.187* 0.816* 0.883* 1.053* 1.126* 0.993 0.990 
14 1.172* 1.045 0.869* 1.031 1.023 0.979 1.015 
15 1.115* 0.866* 0.893* 1.051* 1.136* 1.011 0.975 
16 1.239* 0.936* 0.921 0.971 1.058 0.964* 1.013 
17 1.237* 0.898* 0.939 0.988 1.050 0.967 1.015 
18 1.098* 0.866* 0.885* 1.080* 1.144* 1.031 0.984 
19 1.138* 0.867* 0.903* 0.981 1.058 0.948* 0.997 
20 1.097* 0.858* 0.896* 1.061* 1.091* 0.992 1.009 
21 1.211* 0.816* 0.870* 1.078* 1.133* 0.982 0.980 
22 1.143* 0.856* 0.901* 1.052* 1.116* 0.997 0.991 
23 1.151* 0.868* 0.903* 1.043* 1.096* 0.986 0.997 
24 1.092* 0.866* 0.885* 1.080* 1.144* 1.031 0.961 
25 1.190* 0.850* 0.925* 0.974 1.056 0.985 1.019 
26 1.215 1.057 0.767* 1.051 0.994 1.017 0.971 
27 1.215* 0.887* 0.899* 0.992 1.039 0.960* 1.016 
28 1.208* 0.897* 0.895 0.985 1.072* 0.974 0.984 
29 1.101* 0.861* 0.884* 1.102* 1.122* 1.017 0.982 
30 1.101* 0.858* 0.881* 1.094* 1.133* 1.019 1.009 
31 1.104* 0.856* 0.882* 1.079* 1.102* 0.994 1.008 
32 1.156 0.905* 0.914 1.018 1.041 0.963 0.997 
33 1.181* 0.854* 0.876* 1.035* 1.094* 0.998 0.991 
34 1.092* 0.866* 0.886* 1.100* 1.109* 1.005 1.000 
35 1.176* 0.889* 0.930* 1.032 1.123* 1.024 0.982 
36 1.419* 0.865* 0.892* 1.047* 1.106* 0.993 0.993 
37 1.092* 0.862* 0.878* 1.057* 1.102* 0.993 0.994 
38 1.218* 0.881* 0.968 0.967 1.102* 0.973 0.975 
39 1.186* 0.859* 0.888* 1.026 1.090* 1.009 0.965 
40 1.160* 0.852* 0.896* 1.059* 1.118* 1.002 0.993 
41 1.217* 0.877* 0.874* 1.075* 1.114* 0.999 0.987 
42 1.188* 0.916* 0.927 1.038 1.049 0.947* 1.015 
43 1.271* 0.996 0.924 0.981 1.066* 0.972* 0.998 
44 1.207* 0.892* 0.944 0.985 1.057 0.964* 1.003 
45 1.265* 0.890* 0.940 0.959 1.060 0.982 1.008 
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46 1.115* 0.849* 0.875* 1.052* 1.097* 0.994 0.998 
47 1.186* 0.884* 0.930 0.988 1.051 0.961* 1.014 
48 1.216* 0.820* 0.874* 1.060* 1.124* 0.986 0.986 
49 1.092* 0.866* 0.885* 1.080* 1.144* 1.031 0.979 
50 1.229* 0.887* 0.916* 1.016 1.081* 0.976 0.991 
51 1.249* 0.843* 0.886* 0.983 1.071* 0.996 0.991 
52 1.165* 0.854* 0.887* 1.074* 1.124* 1.010 0.983 
53 1.116* 0.828* 0.876* 1.037 1.107* 0.995 0.986 
54 1.210* 0.817* 0.877* 1.003 1.061 0.974 1.020 
55 1.103* 0.858* 0.905* 1.038* 1.082* 0.983 0.998 
56 1.167 0.936 0.889 1.012 1.030 1.007 1.009 
57 1.200* 0.908* 0.926 1.006 1.041 0.972 0.997 
58 1.111* 0.836* 0.878* 1.008 1.076* 1.000 0.990 
59 1.209* 0.902* 0.964 0.971 1.044 0.965 1.024 
60 1.173* 0.852* 0.883* 1.087* 1.105* 1.002 0.990 
61 1.243* 0.849* 0.878* 1.004 1.146 1.054 0.986 
62 1.095* 0.858* 0.893* 1.072* 1.116* 1.008 0.992 
63 1.145* 0.833* 0.870* 1.073* 1.112* 0.995 0.997 
64 1.092* 0.859* 0.885* 1.093* 1.115* 1.012 1.000 
65 1.138* 0.825* 0.871* 1.103* 1.121* 0.997 0.993 
Geometric mean 1.169* 0.874* 0.898* 1.032* 1.091* 0.990* 0.995* 
Notes: The numbers show annual change in technology between two consecutive years, = 1 indicates no change, 
> 1 indicates progress, < 1 indicates regress. * indicates statistically significantly different from 1.0 at 95% level. 
 
